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COMPRESSOR/LIMITER/GA 


Keeping quiet about music 


POPULAR BAKERS DOZEN PACKS 
(Still available) 


Al packs are Tach al yout BIO yor iter 
ited to another tho Please state which one you 
want Note the fiqure on the extrme lett it the pack 
ret number and the next figures is the quantity of 
items in the pack, finally a short description. 


5 134 spurs provide a fused outlet to a ring main 
meres such as @ clock must not be switched 
a 
in flex switches with neon onoff lights, saves 
a 4 things switched on ica 
6v. 1A mains transformers upright mounting with 
fixed clamps 
64" speaker cabinet ideal for extensions, takes 
in speaker. Ref BD137 a 

watt reed switches, it’s surprising what you can 
make with these ~ burglar alarms, secret swit- 
ches, relay etc. etc. 
25 watt loud speaker two unit cross-overs 
B.0.A.C. stereo unit is wonderful value 
nicad constant current chargers adapt to charge 
almost any nicad battery 
humidity switches, as the air becomes damper the 
membrane stretches and oeprates a microswitch 
2 meter length of connecting wire all colour coded 
134 rocker switch three tag so on‘off. or change 
over with centre off h 
24hr time switch, ex-Electricity Board, automati- 
cally adjust for angthening and shortening day. 
Original cost £40 each. : 
neon valves, with series resistors, thesa make 
good night lights _ 
mini uniselector, one use is for an electric jigsaw 
puzzel, wa give circuit diagram for this. One pulse 
Into motor, moves switch through one pole 
flat solenoids ~ you could make your multi-tester 
tead AC amps with this 
suck or blow operated pressure switch, or it can 
be operated by any low pressure variations such 
as water level in water tanks 
mains operated motors with gearbox. Final speed 
16rpm. 2 watt rated : ‘ 
6 750MA power supply, nicely cased with input 
and output leads : 
ol boards each contains a 400v 2A bridge 
rectilier and 14 other diodes and rectifiers as well 
as dozens of condensers etc 
twin screened flex with white pye cover 
very fine drills for p.c.b. boards etc. Normal cost 
about 80p each ; 
plastic boxes app 3° cube with square hole 
through top so ideal for interrupted beam switch 
motors for model aeroplanes. spin to start so 
needs no switch : 
microphone inserts ~ magnetic 490 chm also act 
as speakers 
feed relay kils you get 16 reed switches and 4 coil 
Red buy notes on making c/o relays and other 
gadgets 

cover for 13A msockets — prevent thase 

inquisitive little fingers getting nasty shocks 
neon indicators in panel mounting holders with 


lens 
§ amp 3 pin flush mounting sockets makes a low 
cost disco panel 
in flex simmerstat - keeps your soldering iron ete 
always at the ready 
mains solenoid very powerful has 1” pull or could 

ush if maditied 

board switches — made for computers but have 

many other applications 
transistors type 2N3055 probably the most useful 
power transistor 
electric clock mains operated pul this in a box and 
you need never be late 
12v alarms make a noise aboul as foud as a car 
horn. Slightly said but OK 
6” « 4" Speakers 4 ohm made from Radiomobile 
50 very good quality 
panostal, controls output of boiling fing trom 
simmer up boil 
leads with push on '4" tags — a must for hook ups 
~ mains connections atc 
otiong push switches for bell or chimes, these can 
mains up to 5 amps so could be foot switch if fitted 
Into pattress 
mini 1 watt amp for record player. Will also change 
ia aie baie Gcaetbertaies 2 ee 
mild steel boxes approximalety 3" x 3” x 1” 
= standard electrical 
mixed silicon diodes 
tubular dynamic mic with optional table rest 
4 7uf, non-polarised block capacitors, pcb 


Books, set 

Books. | for beginners. Describes amplifiers, 
test equipment and kit sets 

Miniature driver transformers. Ref LT44. 20k to 
1k, centre 

3.5 volt operated relays, each with two pairs CO 


contacts 
Most other packs still available and you can choose any as your free 
one. 


POWERFUL IONISER 


Generales approx. 10 times more IONS than the ETI and similar 
circuits. Will refresh your home, office, shop workroom etc. 
Makes you-teel better and work harder - a complete mains 
‘operated kil, case included £11.50 + £3 P&P. 


254 ELECTRICAL PROGRAMMER 
Learn in your sleep. Have radio playing and 
kattle boing as you wake — switch on lights 
to ward off intruders — have @ warm house 
‘to come home fo, You can do all these and 
more. By a famous maker with 25 amp on’ 
off switch. A beautiful unit at £2.50, 
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ATARI 65XE 

AL Ld Usk. ins sree gecweettil end 
stables fot beitesc arab beanie Meciree 
nus ttmcapateitis purty PTE TE Beran 
cement ts Uitataiderl cated “aut djeaietie, Coury 
bo your, lor only £45 plus £3 insured 
dellvery. 


DATA RECORDERS. acorn tor Acom Election, etc, reterence 
Number ALFOS, wih TV ead, manual and PSU. Grand new. Price £10 
plus £1.50 |. Order ref 10P-44 

ATARI XC12 for ali their home computers. Wilh leads and handbook 
Brand new. Price £10 plus £2 post Order ref 10P43. 


JOYSTICK FOR ATARI OR COMMODORE tor aii all Atan ana 
Commodore 64 and Vic20. New Price £5. Order ref SP126 


EXTRA SPECIAL OFFER. The ATARI Compendium contains 
computer 65XE, data recorder XC12. joystick and six games for £57,50 
plus £4 insured delivery. 


VENNER TIME SWITCH 
@ 
yee 


: Mains operated with 20 amp switch, one on 
.- and one off per 24 hrs. repeats daily 
= automatically correcting for the 
“y lengthening or shortening day. An 
oe, expensive time switch but you can have il 
. for only £2.96 without case, metal case — 
{ £2.95, adaptor kil to convert this into a 
] normal 24 hr. time swatch but with the added 
advant of up to 12 anvotfs per 24hrs. 
immersion healer. Price of adaptor kt 
eres Ian. is £2.30. 
SOUND TO LIGHT UNIT 


This makes an ideal controler for the 


rugged enough tor 

fone metal case and has controts for each channel, and a master arvoft. 
The aduic input and outputs are by 1/4" sockets and three panel 
mounting fuse hoklers provide thyristor proection. A four pan plug and 
faciltate ease of connecting lamps. Special price is £14.95 in tat 


ORGAN MASTER is a three 
octave musica) ki id. It is 
beautifully made. has gold plated 
contacts and is complete vath nbbon 
cable and edge connector. Brand new. 
ool le plus £3 postage. Order ref 
1 


MUSIC FROM YOUR SPECTRUM 128, We offer the Orge 
Master three octave ki rd, complete with leads and the interface 
which plugs into your 128. You can then compose, play, record. store, 
ec. yo a music Proce £19 plus £3 special packing and postage. 
Order 1SP1 


CAMERAS, three cameras. all by famous makers, Kodak, etc. One 
disc and two different instant cameras. All in first class condition, 
believed to be in perfect porns order bul sold as untested. You can 
have the three for £10 including VAT, which must be a bargain — if only 
for the 4enses, flash gear, etc. Our ref 10PSB. 


ALBA TWIN CASSETTE RECORDER AND PLAYER 


WITH STEREO RADIO. thus is a mainstbanery portable made to 
sell, we understand, at about £50 but the ones we have are Wine rejects. 
They are brand new sili in the manulacturers; boxes but have a slight 
detect associated with the cassette section. The radio and ampliher 
section, both mono and stereo, = perfectly OK. H are handy at 
Lai fateh aaa Ral A gle el Price or two for £38 
plus £3 insured post, either package, Our ref 20P7 or 2 « 20P7. 


1/6th HORSEPOWER 12 VOLT MOTOR. Made by Smiths, the 
ee of this is approximately Jin. the diameter 3in and the spendie 
5/16th of an inch diameter. it has a centre HS a 

nuts. 


you have ary 
two years. Price 


HIGH RESOLUTION MONITOR. gin biack and white. uses 
Philips tube M24/306W. Made up in a lacquered frame and has open 
sades, Made for use with OPD computer bul suitable for mast others. 
Grand new, £16 plus £5 cost. Our reference 16P1 


TANGENTIAL HEATERS. We agan nave good stocks of thes 
Quel running, instant heat units. They require only a simple case or 
Could be fitted into the bottom of a kitchen unit, etc. 1.2kw, which is a 
very compact litte unit and also a 2.5kw, which 1s approximately 10sn 
long plus motor. Price for either model £5, Being rather fragile needs 
special packing so add £2 per heater for post and packing. Control 
switch for 2.Skw model giving full heal, half heal or cold blow. Price 50p. 


MINI MONO AMP on p.c.b. size 4° x 2" {app} 
Fitted volume control and a hole for a tone con- 
trol should you require it, The amplifier 

has three transistors and we estim- 

ale the oulpul to be 3W rms. 

More technical data wilt be inctuded 

with the amp. Brand new, 

perfect . offered at the very 

low price of £1.15 each, or 13 for £12.00. 


FDD BARGAINS 
3'2in mace by Chinon of Japan. Single sided, 80 track Shugart 
compatible interlace. Interchangeable with most other alin and 
5'4in drives. £28.50 plus £3 post. 3in Hitachi, reference 
305SXA. Standard Shugart connection, works wath most 
computers bul particularly suitable and recommended tor 
Amstrad 6128, etc, £30 plus £3 post, 


Generous discounts for quantities 


J & N BULL ELECTRICAL 


Dept. ETI, 250 PORTLAND ROAD, HOVE, 
BRIGHTON, SUSSEX BN3 507. 


MAIL ORDER MS: Cash, P.O. or cheque with order, Orders under £20 add 
£1 50 sence charge. Monthly account orders accept tram schools and public 


eames, Access & Brcard orders are accepted — minimum £5. Brighton 
(0273) 734648 or 203500 


BARGAINS STILL AVAILABLE 


SUB-MIM TOGGLE SWITCH. Body sie Brim + 4mm ¢ 7mm SBDT with 

Charan: dolly tong outs 4 for £ OO Order ref BDBAS 

VERY POWERFUL MAGNETS. Although only less than tin long and not 

Much thicker than a pencil these are very difficult to pull apa Could be 

ies ag aes embedded reed switches, etc. Price 50p each, 2 lor £1.00. 
ur rel 


CLEAR LACQUER. Quick drying for the protection of transfers, markings, 
maps. etc. Aiso promeets wood and metal. Exceptionally clear. Large can 

£1 G0 Order ret BD6GO 

PAPST AXIAL FAN. MANUFACTURERS AEF NO TYP4580N. This is mains 
Operated 1 Swat rating and in a metal frame with metal blades so OK in high 
temperatures. Body size Seay ea square x 1>/hin thick. £6. 
each, plus £1.00 postage. Qur re 6P6, 

TRANSMITTER SURVEILLANCE (BUG) - ny easily hidden, but which will 
enable conversation to be picked up with FM radio. Can be housed in a 
matchbox. All electronic parts and circurt. Proe £2. Ref 2P52. 


ASTEC PSU, Mains operated switch mode so very compact (61" x 4° x 27 
approx.). Outputs: +5 Volts 3.5 amp. +12 Volts 1.5 amo. —5 Volt 1.5 
amp. Brand new. Normal pnoe £30+. Our price only £10. Ret 10°34, 


APPLIANCE THERMOSTATS - spindle as type suitable for convector 
heaters of similar, Price 2 for £1. Ref A 


3 CORE FLEX BARGAIN No. 1. Core size 5mm so ideal for long extension 
leads carying ups 5 amps or short leads up to 10 amps. 15mm for £2, 
Order Ref. 2P189. 

3 CORE FLEX BARGAIN No. 2 — Core size 1.25mm $0 suitable for long 
extension leads gary up to 13 amps — or short teads up to 25A, 10m tor 
£2 Order Ref. 2P190_ 


CASE WITH 13A PRONGS — to go into 13A socket, nice size and suitable for 
plenty of proyects such as car battery trickle charger, speed controller, time 
ie night light. noise suppressor, dimmers etc. Price - 2 for £1. Ref. 


ALPHA-NUMERIC KEYBOARD - this keyboard has 73 keys with contactless 
capacitance switches grving long trouble free lite and no contact bounce. 
The keys are arranged in two groups, the main area field is a QWERTY array 
and on the night is a2 15 key number pad, board size is approx. 13° x 4" — 
bande but offered at only a traction of its cost namely £3, plus £1 past. 


TELEPHONE EXTENSIONS — 11 15 now legal for you to undertake the wiring 
of telephone extensions. For this we can supply 4 core tele cable, 
100m coil £8.50. Extension BT sockets £2.95. Packet of 50 plastic headed 
staples £2. Dual adaptor for taking two appliances from one Socket £3.95. 
Leads with BT plug for changing old phones 3 for £2 


WIRE BARGAIN - 500 metres 0.7mm solid copper tinned and p.v.c. 
covered. Onty £3 + £1 post. Ref. 3P31 ~ thal’s weil under 1p per metre, 
and this wire is ideal for push on connections 

NTERRUPTED BEAM KIT ~ this kit enables you to make a swilch thal will 
trigger when a steady beam of infra-red or ordinary hight is broken, Main 
components — relay photo transistor, resistors and caps etc. Circurt 
diagram bul no case Price £2. Rel 2P15 


CAPACITOR BARGAIN ~ axial ended - 4700uf (« 25y Jap made. Normalty 
50p each, but you will get 4 for £1. Ref. 613. 

SPRING LOADED TEST PRODS - heavy duty, made by the famous Bulgin 
company. Very good quality, Price four for £1. Ref. BDS97 


SQLAR POWERED NI-CAD CHARGER 4 NI-CAD batteries AA {HP7) charged 
on eight hours or two in only 4 hours. It is complete. boxed ready to use 
unt Price £6, Our Ref. 6P3. 


5By 20A TRANSFORMER 'C’ Core construction so quite easy to adapt for 
other outputs — lapped mains input, anly £25, bul very heavy $0 please add. 
£5, if not collecting. Order Ref. 25P4, 
FREE POWER! Can be yours if you use our solar cells ~ sturdily made 
modules wath new = gle bubble magnifiers to concentrate the light and so 
eliminate the need for actual sunshine - they work just as in bright 
light Voltage input is .45 -- you join in series to get desired voltage — and in 
ae for more amps. Module A gives 10OmA. Price £1. Our Rel. BD631- 
ule pets 400mA. Price £2. Our ret 2P199. Module D gives 700mA. 
Price £3. Our Ret. 3P42 


SWITCH AC EOAOR WITH Magi COMPUTER. This is easy fel eget 

you use our solid state re is has no moving parts, 

resistance and acts as a be barrier and provides sw isolation reo 

togie terminals, The tum-on voltage is not cai anysting between 3 and 
, intemal resistance is about 1K ohm, AC loads up to 10A can be 

switched. Price is £2 each. Ret. 2P+63 


METAL PROJECT BOX. Ideal size for battery charger. power supply etc: 

sprayed ey size 8" x 4'q" « 4° high, ends are red lor venti 

other sides are flat and undrifled. Order Ref 2P191 Price £2. 

oe eat CAPACITOR, Spraque powertytic 39 GO0uF at 50V. £3 
ur 


4-CORE FLEX CABLE. Cores separately insulated and grey PVC covered 
overall Each copper core sized 7'0.2mm. ideal for long telephone runs or 
simwar applications even at mains voltage. 20 metres £2. Our Ref. 2P196 or 
100 metres coll £8. Order Ref, BP19 


TWIN GANG TUNING CAPACITOR. Each section is .O005uF with trimmers 
and good length ‘un spindle. Unused but old and may be slightly soiled, 
Sleeved prong type. £1 each. Our Ref. BD630 

134 PLUGS. Good British make complete with fuse, parcel of 5 for £2. 
Order Ret. 2P186. 


TSA ADAPTERS - Takes 2 134 plugs, packet of 3 for £2. Order Rel. 2P187. 


20v - 0 - 20v - Mains transformers 21 amp (100 watt) loading, tapped 
Primary. 200-245 upright mountings £4. Order Rel. 4P24. 


POWERFUL 12V MOTOR was mtended for Sinclair Electric Car, rating 
approx. 4 HP. Price £15 plus £2 post. 

RE-CHARGEABLE NICADS ‘O' SIZE these are tagged tor easy joinin 
together but tags can easily be removed, virtually unused, tested and gnt 

£2.00 each Ret, 2P141, 6 for £10. Ref. 10P47. 


FLIP-OVER DIGITAL CLOCK - Quite an eyecatcher, this is mains operated 
The figures tlip-over per minute and per hour and give a larger than usual 
wsual display. Supplied complete with front and ea panets to glue 
together to make its case, £2.00 each. Our Rel. 2P205. 


QUICK FIX MAINS CONNECTOR - A must for your workshop, Saves 
butting on plugs as you just push the wires under the spring clips. 
Automabcally off when lid & up. Price £7.50. Our reference 7P5/1. 

BT HANDSET with cat terminating at BT plug. Colour cream, Price 
£5.00, Our reference $P123 


SINGLE SCREENED FLEX 7.02 copper conductors, pyc insulated then wath 
copper screen, finally outer insulation, In fact quite normal screened fhex. 
iret RL Our ref BDE668. Ditto, but solid conductor. 10m for £1, Our ret 
WHITE CEILING SWITCH 5 amp 2 way surface mountng with cord and 
ae Made by the famous Crabtree Company. Price £1 each. Our rel 
13A SWITCH SOCKETS — Top quality made by Crabtree. fitted n metal box 
we cues so ideal for garage, workshop, cellar, etc Price £2 each. Our 
Tel 

€HT TRANSFORMERS — Normal pinay, secondary 3.5v al 3mA 
continuous or 20mA imei i a fe Spark generator (at od 
fighting. etc , or with a simple voltage doubler carcuit would make a 
sense Price £7. Our rat Ye? Sky secondary 3mA. Price £10. Our ref 
1 
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| FEATURES/PROJECTS 
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Competition 
Results 


The lucky winners of 
November's Clock/Calendar 
competition and of the 
competition in the ET! Guide 
To Making Music special 


Reading By 
Numbers 
Martin Pill takes us on a quick 
tour of analogue to digital 
converters with advice on 
choosing and using 


l6 


Voices From 
The Other Side 


John Linsley Hood explains 
the mysteries of the Near 
Instantaneous Companding 
Audio Multiplex TV sound 
system soon to be issuing from 
every transmitter in the land 


_ Language 


20 


Mike Barwise concludes the 
Chip {In look at computer 
languages for the electronic 
designer with compilers and 
assemblers 

SATEEN CORRE 


24 


Paul Chappellis still relating the 
Circuit Theory of op-amps, 
This month he reveals the dark 
side of feedback 


PROJECT 26 


Compressor/ 
Limiter/Gate 


lan Harvey equips himself with 
ahigh quality but simple to build 
compressor/ limiter and noise 


gate 
We oer eo SAN 


PROJECT 3 2 


Intelligent 
Plotter 


Bob Joyce starts to build astand 
alone intelligent flatbed plotter. 
First off is a stepper motor driver 
board useful to all computer 


owners 
PP RT 
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PROJECT 3 8 


Ultrasonic Horn 
Gary Calland takes the Ist 
Class reins with a simple project 
to keep the neighbours’ pets at 
bay 


PROJECT 4Q 


The Quest-lon 
Never one to avoid unexplored 
avenues, Paul Chappell goes 
searching with an ion meter for 
that ionised air he created 
recently 


PROJECT 46 


ETI Stand-Alone 
EPROM 


Programmer 
Gordon Bennett adds the bits 
to Mike Bedford’s hardware 
with the controlling software for 
this ever-updated project 
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DESKTOP 
DISCO 


Vornec {better known for an 
excellent range of BBC micro joy- 
sticks) has taken the old favourite 
sound-to-light home disco light units 
to new extremes with the Discoflex. 
Retailing at £29.95 the Discoflex 
looks for all the world like a standard 
three channel sound-to-light system 
with a built-in microphone and three 
spotlamp sockets. But for another 
£19.95 you can add an Isodata box to 
the Discoflex to interface the unit 
having any micro with an 8-bit user 
port. The Isodata unit provides 
opto-isolation of the computer from 
the mains and enables you to flash or 
sequence the lights to your (or your 
computer's) heart's content. 


Further details from Voltmace, Unit 
9 Bondor Business Centre, London 
Road, Baldock SG7 6NG. Tel: (0426) 
894410. 


VIDEO BY 


BONEX 
BONANZA 


brand new catalogue of com- 
ponents and kits from Bonex 
is now available to trickle the fancy of 
many an electronics designer and 
enthusiast. 

The Bonex catalogue features 140 
pages of passive components, hard- 
ware and semiconductors along with 
a wide range of kits — mainly in the 
amateur radio field, 

The 1989 catalogue costs £1.50 
from Bonex, 12 Elder Way, Langley 
Business Park, Slough SL3 6EP. Tel: 
(0753) 49502. 


CHEAP CHANNELS COMING 


M: major companies have 
entered the budget end of the 
satellite TV receiver marketto compete 
with Amstrad'’s much vaunted £199 
receiver for Murdoch's Astra-based 
channels. 

Sir Clive Sinclair's Cambridge 
Computer is to produce a system using 
a60cm flat square ‘dish’ similar (though 
using different principles) to the BSB 
system for just £149.95. 

Cambridge Computer claims this 
will pick up Astra signals anywhere in 
the UK. A£179,95 version willinclude 
remote controland a £299.95 version 
stereo sound and a graphic equaliser. 

Itis likely the receivers and antennas 
willbe made by SClin Scotland — the 
current manufacturers of Cambridge 
Computer's Z88 and will be available 
‘early in 1989' (but haven't we heard 
this before somewhere . . ,). 

Ferguson is promising equipment 
for both Astra and the BSB satellite but 
as yet is saying little except that a 
receiver for both satellites, with built-in 
D-MAC decoder will be available. 
Micro-X has narrowly undercut 
Amstrad with a basic system for £190 
and a tracking system for reception 


from both satellites for £280 available 
soon. The Micro-X system is based on 
existing electronics used in current up- 
market systems. 

Grundig is another manufacturer 
notnew to STV. The STR20 package 
will cost £349 and although fixed, can 
be upgraded with a polarator for £30 
and various decoders/descramblers in 
the future. 

There are also systems promised 
from Solara (for £300, aimed at DBS 
but without a D-MAC decoder at 
present}, from Alba (£200-300 aimed 
at Astra viewers) and from NEC, NEC's 
system is based on exciting NEC 
equipment and will cost £699. A cut- 
down version for £399 is also 
promised. 

Meanwhile, things are far from static 
on the programme providers front. 
Rupert Murdoch is now planning to 
scramble at least one of his four Astra 
chanels (the Sky Film channel, and 
possibility Eurosport the sports 
channel as well}. 

A monthly fee of £12 is envisaged 
for the film channel but that will also 
include the subscription to the Disney 
channel, the cartoon and general 


entertainment channel with four 
million subscribers in the US. 

The Disney channel gives 
Murdoch's five channel Astra package 
access to an impressive collection of 
films (the real audience attraction) 
from Century Fox {a Murdoch owned 
company) and from Disney and 
Murdoch has also added yet another 
(clear) channel of ‘classic’ films to his 
Astra empire. 

Disney hop§ its own channel will 
help to promote the soon-to-be 
completed European Disneyland in 
Paris. 

Meanwhile BSB has clinched an 85 
million pound deal with Columbia 
Picturesto use allits films onthe direct 
broadcast satellite subscription film 
channel. Along with deals already 
struck with other studios such as 
Cannon, MGM, Universal and 
Warner, this move gives BSBa reputed 
850 films to choose from. 

To add to the satellite war. Robert 
Maxwell has, at the time of writing, all 
but signed his MTV music channeland 
a new European news channel to 
Astra, making nine English speaking 
channels on that satellite. 


MORE RGB 


PCBs 


| (ices Electronics has 
upgraded the remarkably cheap 
PC-B package for the Amstrad 
PC1512 and other IBM PC com- 
patible micros. The new PC-B Pro is 
mouse based with a large and user 
extendable package library, configur- 
able object sizes, back netlist 
generation and many more features. 

PC-B Pro requires 512K RAM and 
supports the EGA and VGA araphics 
adapters and Amstrad’s own 16- 
colour graphics. The package costs 
£230. 

In case that isn't enough for your 
creative urges, Labcenter has also 
produced an autorouting package for 
PC-B Pro, PC-B AR can operate with 
empty or partially routed single or 
double sided boards with a rats nest 
or netlist as input. The user can 
intervene at any time to stamp his 
mark on the process. 

PC-B AR requires a PC with 640K 
RAM and also supports EGA, VGA 
and Amstrad 16-colour displays. 

PC-B AR costs £170 if bought 
along with PC-B Pro or £180 if bought 
as a later upgrade. 

Full details from Labcenter Elec- 
tronics, 14 Marriner’s Drive. Bradford 
BD9 4JT. Tel: (0274) 542868 

For owners of the humbler Amstrad 
PCW range of micros, Harlech Elec- 
tronics has recently launched a 
drafting program capable of PCB track 
layout or producing schematic draw- 
ings. The program costs £29.95. 

For Spectrum owners, Harlech has 
an Electronics Calculator package 
capable of taking the grind out of a 
myriad electronic mathematical 
chores. The program simulates in- 
ductors, capacitors, resistors in series 
and parallel, transformers and tuned 
circuits and handles frequency to 
wavelength conversion and coil turns 
inductance, all for just £6.50. 

Harlech Electronics is at Noddfa, 
Lower Road, Harlech, Gwynedd 
LL46 2UB. 
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MOISTURE 
MEASURING 
METER 


lectronic Temperature Instru- 

ments has temporarily abandoned 
measuring temperature with the 
release of a moisture meter for seeing 
how soggy your walls are {or anything 
else made of cement, wood, paper 
and foodstuffs, tobacco and who 
knows what else). 

The M49 Moisture Meter has no 
probes but searches out water with the 
help of a magnetic field, which can 
happily penetrate most materials 
which are likely to absorb water. 
Moisture levels up to 20% by weight 
(which is pretty wet) can be measured 
and displayed on a 3-digit LCD. 

The M49 costs £170 from ETI Ltd. 
PO Box 81, Worthing BN13 3PW. Tel: 
(0903) 202151. 


BIG SALE — 
EVERYTHING MUST GO 


he Queen's speech to parliament 

in November confirmed the 
Government's intentions for the 
privatisation of the electricity 
generating and supply industry. 

The Central Electricity Generating 
Board will be split into two. The 
largest, to be known as National 
Power, will own 70% of the power 
stations including all the nuclear ones. 
The smaller company, PowerGen, will 
own the rest. The National Grid will 
be nominally owned by the 12 
privatised area electricity boards 
although it will be effectively 
independent. 

The area boards will be responsible 
for ensuring continuous supply but 
will be allowed to build a (small) 
number of generating stations. 

The privatisation of the area boards 
is expected to start in spring of next 
year with the generating board 
following suit in 1991 or 1992. The 


whole sale is expected to raise nearly 
30 billion pounds, dwarfing all 
previous privatisation issues. 

However, there is speculation that 
such a large issue cannot be 
satisfactorily carried out in this time, 

In particular there is still much to be 
worked out for the contracts between 
the area boards (the retailers} and the 
generating companies as to who will 
bear the risks for capital costs and who | 
will pay for cleaning up the industry 
in line with Mrs Thatcher's much 
vaunted ‘green’ policy. 

The retailers will have little in the 
way of capital but will be required to 
maintain a supply whereas the 
generating companies will have a 
large capital base but be under no 
obligation to build new power stations. 

Until such points are settled neither 
the City nor the public are going to be 
too keen to invest in the new 
companies. 
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GERRADA MIKE’S WAY 


s a long standing reader of ETI 

who can remember the good old 
days (when Microtan ruled OK) of 
circuits and projects which required a 
bit of thought and ingenuity to com- 
plete. | have been so disappointed 
with the childish rubbish and the 
mathematical nightmares which you 
have been publishing recently that 
over the last few months | have 
seriously considered cancelling my 
standing order at the newsagents. 

However, this month (December 
issue) I read that Mike Bedford has 
reappeared with articles and circuits 
to follow. 

Having had my fill of Bell Boy and 
Gerrada Marweh rubbish, alll can say 
is thank God sanity is returning and 
welcome home Mike! 


A. P. Kersey 
Toddington, Beds 


Mike Bedford is indeed returned and 
we have many more of his articles up 


our collective sleeve. However, it is not 
our intention to re-introduce projects 
which require ingenuity to complete. 
The idea as we see it is to produce 
projects which can be built without 
any further ‘thought on the part of the 
reader. If you want to learn from a 
design or to adapt and modify it then 
that is all well and good (in fact we 
positively encourage it!) but such work 
should not be necessary to complete 
a project. 

Mathematics is an essential part of 
electronic design. If you want to merely 
copy circuits in full or part then 
it can be avoided but if you really want 
to design anew then getting to grips 
with the nasty stuff is a must. The 
Gerrada Marweh Bikebell project was 
designed expressly for beginners to 
electronics. Although you may well 
feel you have long passed that stage. 
the response we have had on that 
project clearly shows that many others 
feel they havent. 


‘ou are always offering ‘Fame and 
Fortune’ to contributors to ETI 
and I for one am interested in both! 

However, I cannot see how you 
can expect people to expend the con- 
siderable effort and financial outlay 
required for the development of some 
of the more complex projects for the 
rewards which you offer. Keen though 
I am on fame in my own lifetime, | 
cannot see myself spending the many 
hundreds of man-hours required to 
develop, say, a high quality amplifier 
or microprocessor-based control 
system all for ‘a couple of pints’ 

I have precious little of my meagre 
student's grant to spare on compo- 
nents for a prototype for ETI, even if 
| will re-coup this cost by publication. 

All this is a great shame as both 
publication and payment are great 
incentives to my imagination and 
diligence when it comes to building 
electronics bits and pieces. 

| appreciate that your finances are 
probably in as sorry a state as my own 
(and you are certainly no worse in 
what you offer than many other 
magazines — better than some, in 
fact!) but | am sure that better rewards 
would mean better projects and so an 
even better ETI, How about it? 

Simon Gratling 

Cambridge. 


Although ETI'’s finances are not quite 
as far in the doldrums as the average 
British student, nevertheless money 


MORE FOR MORE 


is of course not flowing free as water 
here in Golden Square. However, we 
do appreciate the points you make. 

Contributing to ETI may not be 
quite as poverty-inducing as you 
think. For a start we do not retain the 
prototypes of projects submitted by 
authors. After testing and photo- 
graphy these are usually returned. So 
when you are designing and building 
a prototype for your own use (or for 
a gift, or whatever) you end up with 
the object of your desires in the end, 
along with the publishing payment. 

In addition, many authors opt to 
market their projects as kits, either 
themselves or under license to 
another party. This fact is advertised 
for free in the Buylines section of the 
project and no deduction is made 
from the publication payment. 

Whats more, for complex projects 
which require extended development 
time and costly prototypes, ETI is 
prepared to pay for the components 
for a prototype and even to have the 
PCB made up. This will in effect give 
you a free prototype of the project for 
vour own use. Naturally we require 
some assurances as to the eventual 
publication of such a project and the 
time scales involved but the oppor- 
tunity is there. 

Any reader with any contributions 
for ETI should in the first instance write 
to the Editor with full details of their 
design and its current state of 
development. 


INSIGHT 


ackingis notillegal. Well, not for 
the time being anyway. The 
infamous Prestel hack which resulted 
in the arrest of journalists Steve Gold 
and Robert Schifreen started a ball 
rolling which has yet to travelits course. 

Shortly after the House of Lords 
supported an Appeal Court decision 
to quash their conviction, the Law 
Commission (which advises the 
government on law reform) sat to con- 
sider the issue of computer misuse. 

The commission has yet to make its 
recommendations but judging from 
the working paper published last 
September it appears the status quo 
willbe maintained as far as hacking is 
concerned — maintained thatis, with 
a ‘minor addition’ to the Theft Act. 

The minor addition makes re- 
ference to obtaining property by de- 
ception (fraud), Deception currently 
requires a person, nota computer. The 
amendment, itis believed, would close 
this loophole, Soall hackers planning 
to transfer loadsamoney into a Swiss 
bank account should be wary, 

What about the destructive hacker 
— the type who wreaks havoc by de- 
stroying data? Again the commission 
believes the law is adequate, asaman 
was convicted of criminal damage in 
1986 after erasing software on aplastic 
card. The card was rendered useless 
and the programming took consider- 
able time and money. 

The commission does realise that 
there are no adequate lawsto deal with 
hacking unless fraud or criminal da- 
mage has taken place. The working 
paper also outlines reasons for and 


against introducing a law against 
hacking. 

So what is the current situation? 
Judging from the working paper and 
previous (UK) hacking cases it would 
appear that hackers can do just about 
anything as long as they stear clear of 
fraud or criminal damage. 

When Joe Hacker comesacrossa 
phone number for Mega Corps main- 
frame, he dials up the computer and 
proceeds to hack his way into the 
system, To gain entry an JD had to be 
tackled, as did a password. Has Joe 
committed a crime? — No. 

The great Prestel hack centered 
around this very issue. Both Gold and 
Schifreen were charged for commit- 
ting a number of offences contrary to 
the Forgery Act 1981. They had 
‘forged’ an area of RAM in the Prestel 
computer when entering the IDs and 
passwords. 

Afterthe Law Lords had supported 
the Appeal Court decision to quash the 
conviction, Lord Brandon described 
the use of the Forgery Act as a “pro- 
crustian attempt to force the facts of the 
present case into the language of an 
Act not designed to fit them” 

Back to Joe Hacker. He's gained 
entry to the system and after sniffing 
around the directories discovers a per- 
sonalfile created bythe MD which out- 
lines Mega Corps plans for future 
games releases. He reads the file. Has 
Joe committed a crime now? — No. 

Itisnot an offence in this country to 
read personal correspondence — sur- 
prising buttrue. Indeed, the absence in 
English law of any concept of informa- 


tion as property raises an interesting 
question. Should there be an excep- 
tion for computer data? 

That's where a typical hack would 
end, But there is one more scenario 
that | would like to present: 

Being an adventurous chap, Joe 
reckons there must be some develop- 
mentfiles on the system. Sure enough 
after some digging he finds the games 
directory with binary files that will run 
on his system. Further, as the main- 
frame is also used as aremote develop- 
ment system he downloads a game 
using the system's file transfer protocol. 
Surely Joe can be done for theft? — 
No. 

Providing Joe returns the files by 
uploading then back onto the system 
and deletes his copy he shouldbe inthe 
clear. Joe has indulged in the un- 
authorised borrowing of software, and 
according to the Commission this 
should be considered in the light of a 
recent case of acinema projectionist. 
Thechap borrowed films for copying, 
and the Appeal Court dismissed acon- 
viction for theft because the films were 
returned undamaged. 

So are the Joe Hackers of this 
world free as the birds? Not quite. 

Let's take Joe further afield. The 
world of computer communications is 
one without frontiers and Joe hacks 
into Mega Corp's parent company in 
the US, He does exactly what I've 
outlined above. Is Joe stillin the clear? 

Here things get rather complicated 
for two reasons. First, many American 
states have anti-hacking laws and 
secondly the US has an extradition 


treaty with the UK. 

Returning toreality, Edward Austin 
Singh, a 23 year old computer hacker 
who gained access to American and 
British military establishment com- 
puters may face extradition to the 
United States. Singh was interviewed 
by US secret service agents and 
according to him one of the options 
they were considering was extradition, 

Extradition is a complicated 
business and is normally only exercised 
in cases of aserious nature. Apparently 
the decision to extradite hastobe made 
by the US Attorney. 

Worth bearing in mind is that 
several of our European chums have 
extradition treaties with the UK. 
Further, Sweden and France have 
anti-hacking laws and the Scottish Law 
Commission has recommended that 
it should be an offence in Scotland. 

What is certain is that hackers can 
be prosecuted for theft of electricity and 
this has been used in past cases. Of 
course the penalty for stealing a minute 
amount of electricty is not going to 
please a company whose system has 
been blown wide open by a hacker. 

There cannot be an anti-hacking 
law in the UK because English law does 
not define information as property. 
Before hacking is made illegal the Law 
Lords should address this question, 
and after that sit down and define 
exactly what constitutes hacking in the 
first place. 


David Janda is a freelance 


journalist specialising in computer 
communications. 


Digital Audio Broadcast Systems — January 10th 

IEE, London. IEE discussion meeting. Contact IEE on 01-240 1871 
CCTV Tradex 89 — January 17th-18th 

Manchester United Football Club, Old Trafford, Manchester. Closed Circuit 
Television exhibition. Contact SEE Ltd on (0253) 864225 

Computer Vision For Robots — January 24th 

IEE, London, IEE Colloquium. Contact IEE on 01-240 1871 

Super Conductors And Their Practical Uses — January 25th 

RSA, London. Lecture by Royal Society for the Encouragement of Arts, 
Manufacture and Commerce. Free tickets from RSA on 01-930 5115 

The UK Direct Broadcast Satellite — January 26th 

IEE, London. IEE Colloquium. Contact IEE on 01-240 1871 


Document Image Processing — March 14th-16th 

Queen Elizabeth II Centre, London. Contact Blenheim Online on 01-868 4466 
Internepcon Production — March 14th-16th 

NEC, Birmingham. Electronics manufacture show. Contact Cahners Exhibitions 


on 01-891 5051 


Cable And Satellite 89 — March 16th-19th 

Olympia, London. Contact Montbuild on 01-486 1951 

Corporate Electronic Publishing Systems — March 21st-23rd 
Olympia, London. Contact Cahners Exhibitions on 01-891 5051 

Open Systems — March 21st-23rd 

Queen Elizabeth II Centre, London. Contact Blenheim Online on 01-868 4466 


Connectors 89 — March 23rd 


Crest Hotel, Walsgrave, Coventry. Contact A F Hayes & Co (0533) 881208 
Low Energy Ion Beams Conference — April 2nd-6th 
University of Surrey, Contact The Institute of Physics on 01-235 6111 


Automan — May 9th-12th 


NEC, Birmingham. Automated manufacturing show. Contact Cahners 


Exhibitions on 01-891 5051 
Energy 89 — May 16th-18th 


NEC, Birmingham. Contact Emap Maclaren on 01-660 8008 


Scitech 89 — May 17th-21st 


Sound 89 — February 21st-22nd 

Hethrow Penta Hotel, London. Contact Sound and Communications Industries 
Federation on (06286) 67633 

Which Computer? Show — February 21st-24th 

National Exhibition Centre, Birmingham. Contact Cahners Exhibitions on 
01-891 5051 

Radiowave Propagation — March 5th-10th 

Danbury Park Management Centre, Chelmsford. Third IEE vacation school. 
Contact IEE on 01-240 1871 
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Alexandra Palace, London. Exhibition of all the best British science and 
technology. Contact British Science and Technology Trust on 01-992 0684 
Image Processing And Its Applications — July 18th-20th 
University of Warwick. Third International Conference. Contact IEE on 01-240 
1871 

Holographic Systems, Components And Applications — July 
11th-13th September 

University of Bath. Second International Conference. Contact IEE on 01-240 
1871 


Martin Pill looks at the 
different types of ADC 
available and advises 
on their choice 


Abts 


READING BY 
NUMBERS 


nalogue to digital converters (ADCs) are 
devices which. as their name suggests, 
receive as input an analogue signal and 
produce a corresponding digital output. 
Their main use is to allow digital 
electronics and computers to make use of data 
obtained from the real world (which is by and large 
analogue), There are several basic techniques of 
analogue to digital conversion, each with its peculiar 
advantages and limitations. The one selected for a 
particular task will be determined by factors such as 
speed of conversion required, accuracy and cost. 
The first thing to remember with ADCs is that the 
output will only rarely be exactly equivalent to the 
input, The reason for this is that the input voltage being 
analogue can take an infinite range of values, while 
the output is restricted to moving in discrete steps each 
equal to one LSB. For example an 8-bit ADC has 28 
or 256 possible output codes. If one is used in a 
voltmeter to measure the 240V mains supply with a 
full scale of 256V then the resolution of the system 
would be IV. If a variable transformer was used to 
reduce the voltage down to zero it would appear to 
go down in 1V steps. 
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Fig. 1 Transfer characteristic of a 3-bit ADC 


Ideal Lines 


Figure 1 shows the transfer characteristic of a 3-bit 
ADC. The ‘ideal straight line is shown superimposed 
on the actual. There are eight possible output codes 
and each one with the exception of zero and seven 
exists over an analogue increment of one LSB. The 
ADC is usually adjusted so the the transitions between 
the codes occur at +1/2 LSB on either side of the 
nominal analogue voltage and therefore the output 
will always be within + 1/2 LSB of the input. If this were 
not done the output could at times be almost 1 LSB 
away from the voltage being measured. 

From one point of view. it could be said that all 
ADCs operate in the same way. Rather than measur- 
ing the input voltage in some empirical fashion and 
then converting it to a digital value they instead 
compare the unknown input voltage with known 
internally generated voltages until a match is found. 
This is rather like weighing vegetables on old 


fashioned scales which use individual weights and 
determine the numbers of weights needed to make 
them balance. The mass of each weight is known and 
so the weight of the vegetable is known also. 

The parallel or flash converter is the simplest type 
of ADC but it is also the fastest. some examples being 
able to perform over ten million conversions per 
second. In an n-bit parallel converter (Fig. 2) the input 
voltage is fed to one input of each of n voltage com- 
parators, the other inputs of which are connected to 
an equally spaced reference voltages provided by a 
resistor ladder. The output of the comparators whose 
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Fig. 2 Parallel encoded ADC 


reference voltage is less than the signal voltage will be 
low. whilst the output of those whose reference 
voltage exceeds the input voltage will be high. This 
allows an encoder connected to the comparators to 
produce a coded digital output which corresponds to 
the signal input voltage. 

The reason for the converters speed is that the 
delay time between the input and output is only the 
sum of comparator plus encoder delays. However, the 
large number of comparators required (16 for a 4-bit 
converter, 256 for an 8-bit) makes them very expen- 
sive and so they are only found in applications which 
require their exceptional speed. These include radar 
data processing and digital video systems. 

By contrast. single slope integration is slow and 
not particularly accurate. The signal voltage is applied 
to one input of a comparator (Fig. 3) whilst the other 
input is fed from a ramp generator which produces 
a smoothly increasing voltage rising from OV to the 
maximum input voltage. This is easily achieved by 
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putting a current source in series with a capacitor — 
as the capacitor charges up, the voltage across it 
increases linearly. 

A binary counter is started simultaneously to 
count pulses from a stable clock and when the ramp 
voltage equals that of the signal voltage. the 
comparator output will change from low to high to 
stop the counter. The time for which the counter has 
been running is determined by how long it took for 
the ramp generator voltage to become equal to the 
signal input voltage and so the count is the digital 
output. At the end of conversion the capacitor is 
discharged and the counter reset. ready for another 
cycle. 


Sloping Off 


Single slope integration is relatively simple but cannot 
be used where high accuracy is required as it puts too 
severe a requirement on the stability and accuracy of 
the capacitor and comparator, However, it is widely 
used where good resolution and the uniform spacing 
of adjacent levels are more important than absolute 
accuracy, such as in pulse height analysis where the 
amplitude of a pulse is held by a peak detector and 
then converted into a digital value. 

Dual slope integration avoids most of the 
capacitor and integrator problems inherent in single 
slope integration. The principle is shown in Fig. 4. The 
input voltage is integrated by charging a capacitor for 
a fixed time interval with a current proportional to the 
input voltage. This means the final voltage across the 
capacitor (and hence the charge stored by it) is also 
proportional to the input voltage. 

The capacitor is then discharged by a constant 
current until the voltage across it reaches zero. The 
time taken to discharge the capacitor is recorded by 
a counter driven from a stable fixed frequency clock. 
The discharge time is proportional to the input voltage 
and so the value of the counter can be used as the 
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Fig. 3 Single slope ADC 


digital output. 

At first sight this method might seem to offer little 
advantage over single slope integration. In single slope 
integration you are measuring the time taken to 
charge a capacitor up towards a fixed maximum 
value. whereas a dual slope converter seems to do the 
opposite and measures the time taken to discharge 
back to zero. However this start and return to zero is 
what makes the difference, The rate of charge and 
discharge of the capacitor is inversely proportional to 
its capacitance. So, if over a period of time the value 
of the capacitor in the single slope converter changes 
this will affect the resultant output. However with a 
dual slope converter the change of capacitance will 
affect the charge and discharge cycles equally and 
cancel out, 

High accuracy converters precede each conver- 
sion cycle with an auto zero cycle in which the input 
is held at zero and the resulting output of the converter 
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is subtracted from the subsequent measurement to 
cancel out any errors produced by measurements 
near zero. 

Another advantage of dual slope integration is 
that the clock does not need to have high long term 
stability as any change in the clock speed will affect 
charge and discharge cycles equally. In fact, the only 
critical factor in a dual slope converter with auto 
zeroing is the discharge current and this is not a 
problem as precision voltage and current sources are 
easy to produce. 

As always with these things there has to be a 
snag. With the dual slope converter it is speed. All 
these charge and discharge cycles take an inordinate 
amount of time and this means such converters tend 
to be used in applications where high resolution and 
low cost are more important than speed. For a fixed 
cost you will get the greatest precision from a converter 
that uses this technique. 

Another advantage is the excellent rejection of 
powerline interference which can be obtained by 
relating the initial conversion time to the powerline 
frequency of 50Hz. Dual slope converters find their 
widest application in precision digital multimeters. 
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Fig. 4 Dual slope conversion cycle 


A To D And Back Again 


A number of analogue to digital converters also 
contain a digital to analoque converter (DAC) DACs 
have an opposite function to the ADC as they are fed 
with a digital code as their input and produce a cor- 
responding analogue voltage at the output. Such 
ADCs work by adjusting the inputs to their DAC until 
its analogue output equals the input signal voltage. 
At this point the DAC input code corresponds to the 
correct value for the ADC output. It's a bit like tuning 
a musical instrument by comparing it with another 
which is in tune. 

The speed of this type of device is clearly deter- 
mined by the time taken to find the correct DAC input 
code and a number of different methods are in use. 

The staircase and comparator uses one of the 
simplest and most straightforward methods, as can 
be seen in Fig. 5. When the start conversion signal is 
received, the counter starts counting up from zero, 
feeding its count into the input of the DAC. The DAC 
output and the input voltage are fed to two inputs of 
a comparator. The comparator output will remain low 
whilst the output from the DAC is below the input 
voltage but when they become equal, the comparator 
output will flick high and stop the counter. Thus its 
count will become the digital output code. 

This method is very simple and cheap but it is 
also slow. The time taken for one conversion increases 
in proportion to the input voltage so that for a full scale 
conversion it requires 2n—1 clock pulses where n is 
the number of bits. 

All the converters described above assume that 
nothing is known about the input signal before con- 
version and that it may be anywhere within the range 
of the converter. This is often not the case and there 
are many instances in instrumentation for example 
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Fig. 5 Staircase and comparator ADC 


where there is likely to be little difference between 
successive readings. The tracking converter is a 
version of the staircase and comparator which is 
especially suited to these situations because as its 
name implies it is designed to follow changing input 
voltages (Fig. 6). 

Like the staircase and comparator this also uses 
a DAC driving a comparator but there the similarity 
ends. The DAC inputs are driven by an up-down 
counter which for the first conversion counts up from 
zero until the DAC output equals the signal input. 
However, instead of the counter being reset for the 
next cycle it merely counts up or down under the 
control of the comparator until the DAC output is once 


UP-DOWN 
COUNTER 


WINDOW 
COMPARATOR 


DAC OUTPUT 
TRACKS INPUT 
SIGNAL CHANGES 


Fig. 6 A tracking ADC 
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again equal to the signal input voltage. So the time 
taken for each conversion is determined by the degree 
of change of the signal. It is slow in responding to 
jumps in the input signal but will easily follow a 
smoothly changing waveform. 

Successive approximation is the most popular 
and widely used ADC technique, as it is relatively 
accurate, quite fast and cheap. In effect it is a 
sophisticated version of the staircase and comparator, 
using a binary search to find the output which most 
closely approximates to the input. As before, the input 
signal is fed to one input of a comparator whose other 
input goes to the output of a DAC. However, rather 
than just incrementing the DAC in a serial fashion the 
much faster binary search-type method is used. 

After setting all the bits to zero, each bit in turn 
is set to one, starting with the MSB. After each bit is 
set a comparison is done and if the output of the DAC 
exceeds the signal input then the bit is reset otherwise 
it is left at one. This continues until the output and 
input signals are equal. 

Another way of looking at the process is to 
consider weighing a bag of sweets weighing 13g on 
some old fashioned scales with two pans and a supply 
of weights. The slowest way of doing it would be to 
add weights a gramme at a time until the pans 
balanced. It would be quicker to use successive 
approximation with weights of 16, 8, 4, 2 and 1 
gramme. First try the 16g weight and discard it 
because it’s too heavy. The 8g weight is tried next and 
left on the pan as is the 4g. The 2g weight is discarded 
and he lg balances the pans. 


As can be seen from Fig. 7. this is a much faster 


way of arriving at the correct value and requires only 
n clock pulses for n-bit precision. 
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Fig. 7 The conversion cycle of a successive 
approximation ADC 


In The Balance 


The A to D conversion technique known as charge 
balancing uses a capacitor to keep track of the ratio 
of the input signal to a reference voltage. This method 
averages the input by integrating it over a fixed time 
interval for a single measurement. This method has 
two main advantages. The capacitor is used for both 
the signal and reference, and so reduces the import- 
ance of capacitor stability and accuracy. The same 
advantage is also conferred on the comparator. The 
result is that better accuracy can be obtained from a 
particular quality of component or equivalent 
accuracy can be obtained at a lower cost. The second 
advantage is that by choosing the conversion time 
interval to be a multiple of the power supply time 
period, the converter becomes insensitive to 50Hz 
‘hum and its harmonics which may be superimposed 
on the input signal. Unfortunately, charge balancing 
converters tend to be slower than those using 
successive approximation. 

Practical ADCs are subject to a number of 
sources of error. Some of these have already been 
mentioned, such as the requirement for single slope 
ADCs to have a very accurate and stable capacitor. 

Quantising error is the name given to the feature 
described earlier — that the output and input can 
differ by up to +1/2 LSB, as within these limits you 
cannot be certain of the exact value of the input. As 
this is true of all ADCs it is usually taken for granted 
and not quoted on the data sheet. 

The resolution of an ADC is simply the number 
of output bits the converter has. However, it must be 
remembered that resolution is not the same as 
accuracy. The useful resolution is the number of bits 
at which an ADC has no missing codes. A missing 
code is an output value (or code) that will never 
appear no matter what the input. So if the input 
voltage is increasing smoothly the output will appear 
to jump at a particular point as the ADC skips over 
the missing code. The transfer function for a 3-bit 
ADC with a missing code might look like Fig, 8 rather 
than Fig. 1 which showed an ideal ADC. 

Missing codes can arise through the converter 
having a non-monotonic internal DAC. Figure 9 
illustrates this and shows the transfer function of the 
reference DAC which is non-monotonic at input code 
six so that step six of the staircase decreases, If this was 
part of, say, a staircase and comparator ADC it would 
be impossible for the counter to be stopped at this 
code. If the input signal is less than the DAC output 
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exact use to which the device is to be put. However, 
with the information presented here you should be 
able to choose the right chip to suit your needs and 
your pocket. 


| Fig. 8 Wustration ation apc with a missing code 


for code five then the counter will be stopped before 


There is. of course, no single answer to the choice 
of an ADC. Selection will depend very much on the 


Table 1. A selection of different types of ADC 


code six is reached. Alternatively. if the signal input PartNo Conversion Resolution Conversion Approximate 

is greater than output five it must also be greater than Method Speed Price 

output six so the comparator will not change state at RS3300 Parallel 6-bit 15MHz £25 

output six. Output code six will therefore never appear (Flash) : ; 

and will be a missing code. In practice many RS507C_ Single 7-bit ims £1.50 ’ 

manufacturers guarantee their ADCs to have no slope / 

missing codes over their operating temperature range. ZN439E Successive 8-bit Sus £5 / 
Table l shows some of the parameters of a 8703 rab aaa 8-bit 1.25ms £12 

selection of ADCs Pay pgs Sh | 
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PROFESSIONAL 


SURVEILLANCE 


EQUIPMENT KITS 


=e MTX Micre-miniature VHF transmitter. The smaliost kit on the market measuring an 
incredible 17mm x 17mm including on-board mic. Super sensitive Full 
tuneablie over FM band, 9V operation with range up to 1000m £10.08 


= VTSOO High power version of the MTX with on-board PA stage providing 250mW of RF 
Measures just 20mm x 40mm, power requirements 9 15V Excellent sensitivity 
and stability Fully tuneable over FM band. Ranges over 3000m can be 
expected £12.96 


= VOX75 Voice-activated transmitter Variable sensitivity trigger level switches 
transmitter on when sounds are detected Stays on for time delay variable 
between 1-20 sec. Fully tuneable output covers ali FM band Very sensitive and 
low standby current through CMOS circuitry 9V operation, range up to 1000m, 
Measures 30mm x 40mm £15.05 


2 CTX900 Sub-carrier scrambled transmitter Audio is double modulated providing very 
secure transmissions. Any unauthorised listener will not be able to demodulate 
signal without DSX900 Decoder unit Variable modulation on-board. Fully 
tuneaple output covering FM band. 9V operation, range up to 1000m. Measures 
30mm x 40mm €16.95 

= DSX900 Decoder unit for CTX900. Connects to earphone output of receiver to 
descrambie signal from CTX900. Monitor using small speaker or headphones. 
Variable decode frequency on-board for best resolution 9-12V operation 
Measures 35mm x 50mm 17. 

= TLX700 Micro size telephone transmitter. Connects onto line at any point and requires 
no batteries Clearly transmits both sides of conversations on both incoming 


SINGLE BOARD COMPUTER “SBC-1” 


A computer doesn't have to look like you'd expect a computer to look. 
It doesn't have to have a keyboard and a screen and floppy disks and 
so on. 


The SBC-1 has the bare minimum of chips a Z80 computer can have 
and still be a computer: A 4MHz Z80A-CPU chip, an EPROM chip (up 
to 32K), a static RAM chip (up to 32K) and a pair of 8255A I/O (input 
output) chips giving 48 individual lines to waggle up and down. There 
are one or two additional “glue” chips included, but these are simple 
“74LS" or “HC" parts. 

Astar feature is that no special or custom chips (ie PALs, ULAs, ASICs 
etc) are used — and thus there are no secrets. The Z80A is the fastest 
and best established of all the 8-bit microprocessors — possibly the 
cheapest too! 

Although no serial interface is included, it is easy for a Z80A to waggle 
one bit up or down at the appropriate rate — the cost is a few pence 
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worth of code in the program: why buy hardware when software will do? a) é a i conta be begs Beeneg tier ey A Hsiaga Cag ld Tact py sy 
Applications already identified include: Magnetic Card reader, mini Oe ATR2 Micro size telephone recording unit Connects onto line at any point and 
printer interface, printer buffer, push button keypad, LCD alphanumeric oO connects into ANY normal cassette recorder. standard or micro having MIC and 
panel interface, 40-zone security system, modem interface for auto papiclaeny miglitoinretghnyhermcls ghetrinse ne ts Moe stein Hap snaiey 
sending of security alarms, code converter (eg IBM PC keyboard a) Clearly records bot sides, “i conversations. Undelectable by inane uous 
codes to regular ASCil), real time clock (with plug in module), o Measures 10mm x 35mm £10.98 } 
automatic horticultural irrigation controller. = XML900 ne Bug Detector/Locator Wide band input circuitry detects presence of AF } 
By disabling the on-board Z80A-CPU this card will plug into our = source at ransmiasion 1 be pinpointed to within inches. Man sonativity wil 
us ased developmen systems, so if you detect of similar transmitter at around 15-20 feet 9V operation Measures 
don't fancy hand-assembling Z80 machine code you don't have to! Oo sgicien bhava wh 
The idea is (if you are a manufacturer) you buy just one 0 All kits come fully documented with concise assembly and setting-up instructions. high quality 
development system and then turn out the cheap SBC-1 fibregiass PCB and ail components necessary to complete the module All prices are inciusive but 
systems by the hundred. If you are really lazy we can write [[j Please ado £1 50 to cover P&P Orders over £50.00 post free. Please state requirements clearly and 
the program for you and assemble the SBC-1 cards so mi enclose cheque or PO to cover 
you can get on with manufacturing your product, OQ Phone orders an ACCESS or AMEX accepted. Tel’ 0827 714476 
leaving all your control problems to us. 0 NOTE: tt is illegal to operate a transmitter in the UK without a licence 
Cris, oO Send 9x4 SAE for full catalogue of these and other surveillance kits 
For more details write or phone us: Ci SUMA DESIGNS (Dept ET), THE WORKSHOPS, 95 MAIN ROAD | | Be 
Greenbank Electronics, Dept. (T2E), 460 New Chester Road, © BAXTERLEY, NR ATHERSTONE, WARKS CV9 2LE. TEL: 0827 714476 
@ cooooooDoonRoeoo0o0o0oonD00000n0oo0o000000g @ 


Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391. 
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NILAM 


VOICES FROM 
THE OTHER SIDE 


Ferguson’s FV14T NICAM compatible VCR 


ver since the introduction of high quality 

‘stereo VHF FM transmissions, there has 

been a wish on the part of the engineers 

working in the TV transmission field to be 

able to offer a comparably high quality 
sound system to accompany the 625-line colour TV 
picture. 

The problems here are threefold. Any system has 
to be fully compatible with existing TV transmissions 
and TV receivers. Also the system has to slot into the 
existing 8MHz channel separation allocations, without 
degradation of the existing pictures — or sound — 
quality, and without being a nuisance to adjacent 
channels. Finally there is a reluctance of the TV 
manufacturers to make, and a similar unwillingness 
of Joe Public to buy, TV sets which even begin to do 
justice in terms of speaker size or amplifier per- 
formance to the quality of the existing mono TV 
sound signal, which is fully equal to that of the mono 
VHF FM transmissions. 

Initial thinking on the part of the broadcasting 
engineers was to expand the existing TV FM sound 
signal to a stereo version using the well known ‘Zenith- 
GE pilot tone’ system used for VHF FM sound broad- 
casts, and I believe that experimental broadcasts took 
place in West Germany using such a system in the late 
1970s. However, the advent of CD and digitally 
encoded sound signals encouraged the exploration 
of this type of signal as a possible option for providing 
an additional pair of TV sound channels which need 
not even be in the same language — a useful feature 
in bi-lingual communities such as Hong Kong. 

The problems with digitally encoded signals is 
that they are very extravagant with broadcast band- 
width, and there is very little additional space to spare 
within the transmitted TV spectrum (shown in Fig. 1). 

Bandwidth increases dramatically with each 
extra bit of resolution. It is generally acknowledged 
that 14-bit resolution is about the threshold needed 
for truly ‘Hi-F? sound quality, though the existing BBC 
stereo sound system is only ‘13-bit’ encoded for distri- 
bution from studio to transmitter. These broadcasts, 


nevertheless, seem to have quite a good reputation 
for audio quality among the ‘Hi-Fi’ fraternity. 


The NICAM System 


The solution proposed by the BBC was to use their 
NICAM 3 system for the compression of a 14-bit 
encoded sound signal from the studio into a 10-bit 
signal for transmission — already used by the BBC 
for their inter-transmitter signal distribution network 
— which would reduce the required broadcast band- 
width to a level which could be accommodated (just) 
within the channel separation allocations. 

The NICAM system (Near Instantaneous Com- 
panding Audio Multiplex) takes the 14-bit input digital 
signal (2'? or 16384 step resolution) sampled at 32 
kHz (which gives a maximum practicable HF 
bandwidth of about 14.5 kHz). and breaking it down 
into lms blocks, each containing 32 samples. Each 
block is then re-coded to 10-bit resolution (1024 
steps), using a scale factor determined by the largest 
signal within that block, 

The compression factor used, within one of five 
ranges, is then signalled by an added 3-bit group so 
that the correct amplitude range can be restored on 
decoding the digital signal. A parity bit is then added 
to each 10-bit sample to check the 6 most significant 
bits and allow the rejection of any group that has been 
corrupted by noise or other interference. 


The TV Sound Channel 


The existing TV sound system is shown in the block 
diagram of Fig. 2. In this, the signal from the tuner 
head is amplified by acommon IF stage (usually with 
an IF passband of 33-41 MHz) and fed to a standard 
AM demodulator to extract the ‘negative modulation’ 
picture and ‘sync’ signals. The sound signal, which is 
frequency modulated, then appears as an HF side- 
band centred on 6MHz, and is amplified by a separate 
6MHz IF stage and FM demodulator of conventional 
type. 
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Fig. 1 Spectrum of the TV broadcast signal 


This use of the difference frequency between the 
TV picture carrier and the sound modulation to 
generate the 6MHz ‘nter-carrier’ sound channel has 
the very great advantage that the sound IF frequency 
is generated by the transmission and not by the actual 
tuning of the TV set. which might otherwise be very 
critical and need a very accurate AFC to hold the set 
on tune. 

With the NICAM system (called NICAM 728 
because the digital data stream contains 728 kbits/sec) 
a separate, also frequency modulated — or more 
strictly phase modulated — signal is added at 
6.552MHz above the video carrier, which has a 
bandwidth of about. 720kHz (Fig. 1). To try to 
economise on transmitted bandwidth for this added 
digital signal. quadrature phase shift keying (QPSK) 
is used to modulate the signal, with each 2-bit data 
block represented by a shift in the phase of the signal 
as shown in Fig, 3. 

Since this introduces some interference with the 
TV picture for its own and adjacent signals, the 
amplitude of this signal is set at — 20dB (ref. the TV 
carrier) and the normal TV sound carrier is also 
reduced by 3dB to —10dB (ref. the vision carrier) to 
minimise the patterning produced by the interference 
between the sound signal and the 4.43MHz 
‘chrominance’ carrier. 


Advantages of NICAM 728 


Although this is a very complex system and 
impracticable to implement without some custom 
designed ICs, the advantages of the added digitally 
encoded channel are sufficiently persuasive that, 
following approval by the DTI in September 1986, it 
has also been adopted by the European Broadcasting 
Union as the new TV stereo sound standard, as well 
as being considered or adopted by Hong Kong, New 
Zealand, Australia, and Scandinavia. 

The advantages are that the bit stream can be 
divided into two quite separate channels so that in 
addition to providing a left and right stereo sound 
channel of precisely equal amplitude and very high 
stereo separation (dependant more on the studio or 
the subsequent receiver electronics than any short- 
comings in the system), it can also provide two 
unrelated sound channels — even perhaps in different 
languages — or a stream of data of 704kbits/s for 
teletext or computer data, or a mono channel plus 325 
kbits,’s of data. 

Additionally the error correction facility offered 
by the added parity bit allows a good quality, un- 
distorted sound signal to be recovered, with low back- 
ground noise even when the signal is so weak, or 
multi-path distortion is so bad, that the actual picture 
is barely readable. 
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There are of course some problems, quite apart 
from the circuit complexity. These stem partly from 
the digitally encoded signal, and partly from the 
nature of TV camera techniques. 

The ‘Hi-Fi’ buffs who have listened to the stereo 
test signals broadcast from Crystal Palace and Wenvoe 
on NICAM 728 equipped stereo sound video 
recorders which have been creeping into the shops 
over the past six months or so have noted that the 
quantisation noise inherent in the digital signal can 
cause some degradation in sound quality, due to noise 
modulation or ‘granularity, on the reproduction of the 
voice or single instruments (as compared with the 
existing FM TV sound signal heard through 
comparable audio equipment). With ‘pop’ music or 
other sound signals which generally involve high 
modulation levels, this minor defect is said to be 
undetectable. 
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Fig. 2 Conventional TV sound system 


180° 
3(17) 


(EACH CHANGE OF STATE 
CONVEYS TWO DATA BITS) 


Fig. 3 Convention for quadrature phase 
shift keying (QPSK) 


The second problem, which might be ironed out 
when the studio staffs become more familiar with the 
system, relates to the current practice of swapping 
camera positions around during the broadcast. With 
a mono sound signal no problem arises, but in stereo 
the sound image may frequently fail to correlate with 
the picture as seen. 

As [| mentioned above the system is complex, 
and as a ‘linear’ engineer | suspect that part of the 
complexity derives from the propensity of my ‘digital 
colleagues to mess things about just for the fun of it! 
The basic specification is contained in a draft standard 
jointly issued by the BBC and the IBA in September 
1986, and this deals principally with the organisation 
of the recurrent 728-bit frame which is transmitted 
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NICAM 


Fig. 4 Structure of 728-bit stereo sound frame 


every millisecond. 

Each of these frames has the format shown in 
Fig. 4 and is built up from an initial 8-bit frame 
alignment word (FAW), a 5-bit control information 
word, 11 additional data bits (for a purpose to be 
invented later), and a final group of 704 bits carrying 
the sound and parity bits, arranged as 64 x 11 bits, in 
which the L and R channels are sent alternately. 

To prevent the possibility of a transmission error 
being carried over into successive data blocks (due 
perhaps to a protracted noise pulse) each 64-bit 
segment is interleaved with its neighbours to separate 
adjacent segments by 16 frames. Then to disperse the 
transmitted energy more uniformly across the 
additional sound carrier, the whole 704-bit word is 
scrambled using a pseudo-random number generator. 
This will also have the effect of lessening any 
patterning due to sound/‘vision interference. 

So on reception, the frame alignment and 
control information words must first be interrogated 
to identify and isolate the frame, to de-scramble and 
then de-interlace the received 704-bit signal, to check 
whether it is a sound signal or data that is being 
received, and whether the digital signal is identical to 
the normal TV sound (which will allow a reversion to 
the FM sound channel in the event of the absence of 
a digital sound signal). 

Finally when the data group is identified as a 
sound signal, the 3-bit scale factor command is used 
to restore the received 10-bit amplitude range to the 
original 14-bit resolution. The time delay involved in 
the temporary storage of received signal during this 
interrogation process is about 13ms and the 
degradation of the S/N ratio is about 3dB, This is 
unimportant for any single encode-decode process 
but can become noticeable if these steps are cascaded 
in the distribution chain feeding the transmitter. 
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Fig. 5 Block diagram of Nicam 728 TV receiver 
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The digital output from the NICAM 
demultiplexer stage — comprising the 7(04-bit 
sandwich of L and R channels — is then fed to a 
conventional DAC and audio amplifier. A block 
diagram of the layout of a typical stereo sound 
equipped TV is shown in Fig. 5. 

From the description given above. it will be clear 
that the construction of a suitable NICAM 728 
demultiplexer would be quite complicated if it were 
to be built using standard microprocessor and 
memory blocks. Since for commercial validity such 
things as TV sets must be inexpensive to construct, 
dedicated ICs will inevitably arise to fill this need. of 
which one of the first in the UK is the NICAM 728 
demultiplexer IC produced as a joint exercise between 
Ferguson (Thorn-EMI) and Texas Instruments, 

At the moment, details of this are available only 
ona ‘non-disclosure’ basis, which isn’t a lot of use for 
technical writers. However other ICs from other 
sources will soon follow, and competitive pressures 
will lower the walls of secrecy, 


When Will Stereo Sound TV Be 
Available? 


Suitable receivers are already appearing and DIY ICs, 
one hopes, will follow. However, the BBC officially 
pleads that poverty prevents them from modifying 
their transmitters, or even using those they have 
modified, until 1991. The IBA are unlikely to wait for 
them and expect to commence a stereo service in 
London and Yorkshire this year. For the meantime, 
anyone interested in improving the sound quality of 
an existing TV could do a lot worse than make a 


_ receiver to capture the inter-carrier 6MHz FM signal 


and to feed that to a decent demodulator, AF amplifier 
and LS unit. 


VIDEO 
AMP ETC. 


ETI FEBRUARY 1989 


Mike Barwise 
continues to survey 
the field of computer 
languages and this 
month looks at 
assemblers and 
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ast month discussed interpreters and now 

1 want to go on to compilers. If you 

remember, an interpreter takes your 

human readable (machine meaningless) 

source or input code and at run time 
resolves each command into a call to a resident 
machine code routine. 

Compilers do this at compile time and create a 
memory or disk file which consists of pure machine 
code. This is later called for execution. So at run time, 
a machine code program is executed, which elimin- 
ates the ‘what do I do next?’ questions of the 
interpreted languages. However, the real job of 
compilation involves quite a bit more sophistication 
than this description suggests. There are strategies 
used by different compilers (or by the same compiler 
for different jobs) which yield greater or less efficiency 
in the executable code. 

The lowest level compiler strategy is that used by 
assemblers. At this level, each machine operation 
must be understood and utilised by the programmer 
to generate his routines. This is of course the position 
of maximal control if the programmer is good enough 
but the effort/performance ratio is very high. 


Assemblers 


Various advances in assembler design have led to new 
features, some of which are good and some not so 
good. Let's look at a few. 

The first to appear was the process of ‘linking’ 
The idea is that equipment-oriented and general 
purpose routines such as hardware drivers, stack 
handlers, interrupt control and so on would not be 
written from scratch by the programmer but would be 
available as pre-compiled machine code. This code 
would be written by the assembler creators so that it 
was relocatable (placeable anywhere in memory in 
relation to the user code) and would be included in 
the user program after this was written and debugged 
by a process of post-linking. 

This means calling a special application program 
which adds the linked code and then scans it, amend- 
ing any pointers or calls to the linked modules that it 
finds in the user code. The process was devised not 
so much as a user convenience but as a memory saver 
in the old days (20 years ago) when core memory was 
horrendously expensive. It allowed less memory to 
be used to compile larger programs. 

In spite of the availability of masses of cheap 
memory these days, linking still persists as a reflex 
mechanism, although it is really redundant. Its only 
apparent advantage is that it reduces compile time but 
it is generally forgotten that the saving is lost as the 
total job consists of compile plus link time. 

The next step forward was the ‘macro. At its 
simplest, a macro is just an ASCII string which is 
inserted in the source code when called by a short 
special instruction. At this level, it simply saves typing. 
As an example (in trusty 6502) a macro could be: 


ROL; ROL; ROL; ROL; 
which will place a set of four left rotates in the code 
whenever it is called. However, at this level, macros 
are not unduly useful. They do save typing but great 
care has to be taken to see that they begin and end 
at the right points not to confuse the system. They are 
really limited to the very simple blocks such as that in 
my example. 

A major advance in macros was the develop- 
ment of the ‘object oriented module’ This is effectively 
a black box (a device with a known function but 
concealed mechanism) with a specific set of input and 
output parameters. The object oriented module was 
not specifically designed as a type of assembler macro 
but it constituted the major breakthrough neverthe- 
less. Now, to call a macro of this type, you would 
simply instruct: 

FILL, start, bytes, value 
where FILL is the name of the macro and start, bytes, 
and value are three parameters (the start address, 
extent and content of the memory area you wish to 
fill). You would not care what the actual code is or 
whether it was in-line code or a subroutine. You could, 
however, create routines yourself and use them as 
macros. 

The ultimate assembler of this type would consist 
of a massive library of routines in source code, 
requiring the programmer to do little except generate 
a list of macros in due order. Such an assembler has, 
as far as | know, not been implemented. All assembler 
writers have baulked at the massive task of library 
generation. 

The remaining major bugbear of the assemblers 
is the equation of variables and constants. At some 
stage in the creation of source code, every human 
readable (ASCII) reference to a memory address or 
memory content must be explicitly referenced to a 
binary (or hex) value. 

All assemblers to date require the programmer 
to perform this task, normally in a ruddy great list at 
the start of the source code. This time consuming and 
error prone task is one of the main reasons for 
assemblers falling into disfavour as high level 
compilers have developed. 

The final nail in the coffin of the assemblers from 
the point of view of the general programmer is the lack 
of a debug environment. There are systems (machine 
code monitors) which allow you to mark chosen 
points in your code (‘breakpoints’) and cause the code 
to pause and display status information but you still 
have to understand the detail of what is going on to 
make use of the displayed information. 


High Level Compilers 


High level compilers score heavily on these points. 
The programmer does not (apparently) need to 
understand the details of execution of the routines 
called. Variable and constant assignments are auto- 
matic and a high level test environment is provided. 
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Let us look at these ‘advantages’ in more detail. 

The strategies employed by high level compilers 
can be quite sophisticated: in C for example, 
executable code is installed either in-line or as a 
subroutine depending on the syntactic context. A 
PRINT instruction could be compiled as a call to a 
subroutine accompanied by parameters (what to print, 
how to print it), the routine being installed by the first 
call and then referred to by subsequent calls. However, 
aconditional operation such as IF .. . THEN would 
normally be compiled as in-line code each time it is 
encountered, due to the simplicity of the structure (a 
subroutine call would take as long as the routine itself 
to execute, doubling overall execution time). 

Variable and constant assignments become 
‘declarations’ in high level compilers. All labels must 
be listed together with the amount of memory 
allocated to them (byte, word and long word variables: 
1, 2 and 4 bytes respectively) but the actual memory 
addresses where they are stored are assigned by the 
compiler and the programmer is not told about it. 

This has its pros and cons. It makes programming 
more error free to someone unfamiliar with processor 
architecture but it makes the resultant code devilishly 
difficult to examine at machine level. 

The final powerful feature of the high level 
compilers is the dedicated test environment. The 
compiler checks for mis-typed instructions, bad 
syntax, unassigned labels, duplicate labels and so on 
as it proceeds (which is also quite common among 
assemblers of better quality) but after compilation also 
provides the facility to single-step and trace execution 
in terms of the input code, displaying routine and user 
labels. This is a quick process compared with 
assembler tracing, as the integrity of each called 
function can be assumed, so it is unnecessary to 
visually examine their internal execution. 
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Conclusions 


It would probably seem from the foregoing overview 
that high level compilation is the best choice for all 
programming. Wrong! It is the most cost-effective way 
to write software and so has become the order of the 
day for commercial purposes. However, the ascend- 
ancy of the high level compiler has itself curtailed the 
development of assemblers. 

There is no reason why the advantages currently 
evident in high level compilers could not be incor- 
porated into an advanced assembler — auto variable 
assignment, a very large library, an adequate test 
environment. The additional benefit would be the 
control available to an experienced programmer, 
allowing maximisation of software performance. The 
snag is that nobody has bothered. 

The unfortunate result is progressively more and 
more cumbersome and inefficient software which 
demands increasingly powerful and memory inten- 
sive hardware just to perform adequately. Many high 
level compiler-generated PC graphics packages now 
demand 80286/80386 processors to run at an 
acceptable speed, whereas a clever assembler level 
programmer could probably produce similar results 
on the older 8086 generation. 

The real problem is that commercial software 
writing is dedicated to the seller rather than the user 
of the resultant package — quick production in a high 
competition marketplace targeted to a non-critical 
buying public. 

The time is long overdue for users to start griping 
and moaning. They are starting but there is a long way 
to go. The plain fact is that modern micro hardware 
could perform a whole lot better if the software writers 
used its power to the full, rather than relying on that 
power to compensate for their poor product. 
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Following the success of the original SUPERMOS we now launch a higher powered 
version with many new exclusive sound improvements not available on any other 
amplifier, kit, board, module, or ready made. 


FEATURES:- 

© Highly efficient distortionlass PURE CLASS A 
throughout (low heat generation) 

@ Top audiophile components inc. best SMD's. 

© Exclusively made matched custom semiconductors. 4 

© Minimal capacitor design {without DC servos), 

@ PSU sound colouration eliminated. 

© Advanced PSU feedforward ripple elimination including 
internally separately regulated voltage AND current to 
ALL stages using SAGE Super-Supply circuitry. 
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TECHNICAL 
PERFORMANCE 
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Paul Chappell shows 
how you can learn all 
about the dark side of 
feedback without ever 
mentioning an op-amp 


SET-POINT 
BOX 
(1V PER 100°C) 


OP-AMPS 


o far in the investigation of negative 
feedback we've seen only the good 
effects. Now comes the time to remove 
our rose coloured lenses and see what will 
really happen to our oven controller. 
One implicit assumption I've been making all 
along is this: the heat output of the element depends 
only on the current flowing through it at any instant 
in time. Sounds reasonable if you say it quickly. So 
let's test it. What I want you to do is to turn on a heating 
ring on your electric cooker until it glows red. Then 
turn it off. There's no current flowing in the ring, so 
it's not giving out any heat, right? So you'll be happy 
to touch it? | think not! 

When you turn on the ring at maximum current, 
it doesn’t immediately start giving out full heat — you 
can probably rest your hand on it for a few seconds 
without coming to any harm and it may take a minute 
or more before it glows red. When you turn it off, it 
continues to give out heat for several minutes after the 
current has been removed. The reason is, of course, 
that it has to heat itself up before it can transfer heat 
to anything else and this gives it a built-in delay or time 
constant, 


DERIVITIVE 
CONTROL 


r] TEMP SENSOR 
(1V PER 100°C) 


HEATER 
CURRENT 


(MAX 20A) 


Fig. 1 The revised oven controller with varying proportional band | 
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If everything in electronics or physics was 
instantaneous, wed already be at the end of the story 
— you'd know how to make a control system or 
feedback loop as good as you could ever want it and 
we could pass on to something else. It’s the delays and 
time constants that mess everything up and lead to 
the constant refining of control theory. 

The practical consequences in our particular 
control system — the oven — you can imagine for 
yourself. With a narrow proportional band, the current 
is reduced a degree or so below the set-point but the 
heating element still contains enough heat to push the 
temperature up by perhaps 50°C. The temperature 
overshoots the mark and continues rising until the 
heater and oven are at the same temperature. 

What happens next depends on how quickly the 
oven is losing heat to the air outside. If you're lucky 
the temperature might fall back within the 
proportional band gently enough for the controller to 
catch and stabilise it . If not, it may undershoot, then 
overshoot again, and so on. 

One way to overcome the problem would be to 
use a very wide proportional band. As the current 
decreases, the rate of temperature rise will slow down 
well below the set point and if slowed down enough 


to take care of all the delays in the system, the 
controller will work again. 

However (if you remember this far back) the idea 
of the control system was to get the temperature to 
set-point quickly, by applying. maximum power for as 
long as possible and to stabilise it against disturbing 
influences, which worked best when the proportional 
band was narrow. By widening the prop-band we've 
almost eliminated these advantages, so we're back to 
square one. 

If you think about it, what we really want is 
something to leave maximum power for as long as 
possible and to put the brakes on just before set point 
is reached. Given the limitations of the heater and 
oven, this would essentially mean taking off the power 
about 50°C below the set point so that the overshoot 
would become a rise towards the set temperature. 

How to do it? Its no good putting the 
proportional band 50°C below set-point because the 
temperature would just fall back again. What we need 
is something to shift the proportional band downwards 
while the temperature is rising, then let it rise as the 
temperature change rate slows down. Sounds 
complicated but it's not so very hard in practice. 

Figure 1 shows the revised circuit. The gain 
control on amplifier P (for ‘proportional’) varies the 
width of the proportional band, as before. Added to 
its output is a time derivitive signal from amplifier D. 
This signal becomes increasingly negative the faster 
the temperature is rising but will be zero if the 
temperature has stabilised. 

Let's suppose we turn the set-point knob to 
300°C and start up the oven. We'll say, for the sake 
of putting a few figures in, that the gain control on 
amplifier P is set to 100, giving a proportional band 
of 20°C. To avoid the overshoot from stored heat in 
the element, we want to start cutting off the current 
at, say, 250°C. The output from amplifier P at this 
point is 50V, so if we adjust the derivitive control to 
give —30V at the output of amplifier D at this 
temperature, this should do the trick. 

If the output of amplifier D remained at —30V, 
the effect would simply be to push the proportional 
band downwards by 30°C. By 270° the heater 
current would be zero, the temperature would 
continue rising to 300°C or so and then would fall 
back to around 260°C. But this doesn't happen 
because as the temperature rise slows down, so the 
output of amplifier D rises until at the peak of 
overshoot, when the temperature is not changing at 
all, its output will be zero. The trick is to adjust the P 
and D controls so that the peak of what would have 
been an overshoot actually coincides with the 
set-point. 

In many control situations, a few rough 
calculations are made to choose fairly sensible initial 
settings for the controls, then the final adjustments are 
made by trial and error. You can get anything from 
an over-damped response to oscillation by fiddling 
with the pots! 

Just to complete the picture, there’s one more 
major fault with the control system. The temperature 
always stabilises below the set-point. By narrowing the 
proportional band we can make it end up as close as 
we like to the set point but narrowing the proportional 
band too much makes the system prone to oscillation. 
The usual solution to this little niggle is shown in Fig. 2. 


Here we have yet another dollop of voltage being 
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fed into the summer, this time from an amplifier which 
integrates the difference between the set point and the 
actual temperature. Suppose that the set point is 
300°C and that the temperature, by the action of the 
, P and D sections of the circuit, has settled at 290°C. 
| The integrator will have 10mV across its input so the 
output will slowly rise as the capacitor charges. 

The rise in voltage will cause a slight increase in 
the heater current, causing a gradual increase in the 
oven temperature. This reduces the current from the 
proportional amplifier and also causes the integrators 
output to rise more slowly, since the voltage between 
its terminals will have decreased. 

If you think about it, you'll see that the circuit will 
end up exactly at the set-point. The output of amplifier 
I will now be steady because its inputs are both at the 
same voltage, the outputs of amps P and D will both 
be zero — the first because the set point and 
temperature voltages are equal and the second 
because the temperature is not changing — so the 
entire voltage to sustain the fixed temperature is 
supplied by amp I. 

My description of the operation is obviously over- 
simplified. The integrator capacitor will be charging 
up the whole time the temperature is below set-point 
and will have an unsuitable voltage on it initially. The 
derivitive amplifier will also want to have its say as the 
temperature is varied by the integral amp. The 
purpose of each part, though, is as I've described it 
and with careful setting up of the controls it can do 
just what its supposed to do. 

If you were to build a practical version of the 
control part of this circuit, and put it in a nice box with 
digital displays, you'd have made something instantly 
| recognisable in industry as a PID, or three-term. 
controller. A number of manufacturers sell them as 
general-purpose control systems — anything from a 
few hundred pounds upwards, if you want one. They 
can cope with 95% of the control requirements in 
industry, laboratories or wherever the need arises. The 
| circuits are, | should say, a lot more refined than Fig. 
2 but my diagram has all the essential ingredients. 


Back To Op-amps 


We've strayed rather a long way from the supposed J 
topic of these articles — op-amps. My aim was to 

show you that negative feedback is not something to 

do with a pair of resistors around an IC — it makes 

itself felt all over the place. 

If you've got an intuitive notion of what its all 
about and can see that its not necessarily a good thing 
in all circumstances, then its all been worthwhile! | 
originally intended to give you a Cooks tour of 
positional control (servos and the like) too, but we've 
spent enough time on digressions. [n another article, 
perhaps. 

] usually end by telling you where | intend to lead 
you the following month — and always regret having 
done it when [ come to write the article and find my 
enthusiasms are elsewhere. This time I'll avoid all that. 
Next month’ article will be something about op-amps, 
probably, and to do with electronics almost certainly. 
More than that I cannot say. See you then! 
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Fig. 2 Simplified diagram of a PID controller 


A range of commercial PID controllers from Control and Readout Gu 
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Ian Harvey squeezes a 
high quality 
compressor/limiter 
and a noise gate into 
the same box all ready 
for the stage or studio 


PROJECT 


i. 26 


COMPRESSOR 
LIMITER 
GATE 


o into any recording studio and along- 
side the racks of flash MIDI samplers, 
digital reverbs and PCM recorders you 


will find the humble end of effects units ~ 


— compressors and gates. 

The effectiveness of these units in producing a 
polished sound is often overlooked and many people 
opt to spend their money on trendier hardware — 
hardly surprising as a decent compressor will set you 
back £200 or more. So here is the DIY answer — a 
flexible compressor/ limiter good enough for semi- 
professional use, which includes a completely 
separate noise gate for good measure. 

Total cost, including a decent 19in rack case, is 
about £60 — roughly the price of one of those nasty 
footpedals .. . 


Compression 


Essentially a compressor reduces the dynamics of a 
signal by turning down the loud bits and turning up 
the quiet bits (Fig.1) Extreme compression, where the 
output level is actually constant for a range of input 
levels, is called limiting. 

A popular and fairly ‘musical’ way of varying the 
degree of compression is to have a ‘soft knee’ charac- 
teristic (Fig.2) where the compression becomes more 
severe as the input level is turned up. This design is 
a soft-knee one but has a separate Compression 
control to allow flexibility with input levels. 

An immediate problem is that if a loud signal (like 
music) is attenuated and a quiet signal (like hiss) is 
amplified, the signal-to-noise ratio will inevitably be 
made worse. Guitar-type footpedals usually have a 
problem with noise anyway, and this factor often 
makes them unusable for serious recording work. 


Care has been taken to keep the noise generated 
by this design to an absolute minimum but as most 
input signal sources will not be perfect anyway a basic 
noise-gate is included to shut off the output when the 
signal falls below a given level. The Threshold and 
Gate Time controls set the triggering level and 
opening time of this gate. 

Finally the compressor has Attack and Decay 
controls which determine how quickly it responds to 
the input level rising and falling. Generally these will 
be set to reflect the attack and decay of the signal. A 
‘fast’ signal like percussion needs to be accurately and 
quickly followed, whereas a ‘slow’ signal like vocals 
should receive smooth compression to avoid 
‘pumping’ or ‘breathing’ effects. 


Gating 


Fortunately, a gate is a lot simpler. Basically it is a 
switch which only allows an audio signal through 


when ‘triggered’. Triggering occurs when the signal 
goes above a level set by the Threshold control. The 
speed with which the gate opens and closes is set by 
Attack and Decay controls. 

With some ‘ragged’ input signals the gate can be 
triggered several times in quick succession on the start 
of a note. This usually sounds naff so to avoid it a Hold 
Time control is provided which holds the gate open 
for a certain minimum time once triggered. 

Finally an external input socket is provided so the 
gate can be triggered with a different signal to that 
being gated. 


Construction 


Building the unit is relatively straightforward with no 
non-standard (or at least non-Maplin) parts. Setting- 
up requires a voltmeter and some form of signal 
source and listening equipment. All components ex- 


cept the mains transformer and front panel controls. 


(Fig.6) mount on one PCB (Fig.5). 

Start assembly of the board with the links, 
resistors and diodes, then the IC sockets, PCB pins 
for the off-board connections, capacitors and finally 
IC8 and IC9 (these do not require heatsinking). The 
PCB, T1 and front panel controls can then be mount- 
ed in the chosen case, and lastly everything is wired 
together. 

CW, CCW and W on the overlay diagram refer 
to the clockwise, counterclockwise and wiper connec- 
tions to the pots. The input jacks SK1 and SK3 are 
wired directly to the RV1 and RV7 respectively, signal 
to the CW end and ground to the CCW end. The 
CCW and W terminals are then wired to the PCB pins. 
Do not put any ICs in their sockets at this stage. 

A few points: Using an LM833 (or NE5532) for 
IC1 will give a noticeably better noise performance 
than the usual TLO72 types — definitely worth the 
extra 5Op or so. Don't be tempted to replace C8, C9, 
C15 or C16 with electrolytic types. 

On the prototype, the PCB was mounted on 
metal spacers so as to connect signal ground (the track 
around the fixing holes) to the case as in Fig.7a. Mains 
earth was left unconnected {it should never be directly 
connected to signal ground), so for safety reasons the 
mains transformer had to be well isolated from the 
case. If for any reason isolation is not possible, connect 
the case to mains earth and mount the PCB on 


insulating spacers. With either system the signal 
ground can then be linked to mains earth via a 100R 
resistor (Fig.7b). 


Setting Up 

Before inserting any ICs, switch on and check the 
power LED lights and there are the correct supply 
voltages present at the IC sockets. These should be 
+12V to IC1 pin 8, IC2 pin 11, IC3,4 pin 7, [C5 pin 
8, IC6,7 pin 7 and —12V to IC1 pin 4, [C2 pin 6, 
1C3,5,6, pin 4. 

If all is well, turn off and insert the ICs. (Note IC3 
is oriented opposite to all the others). Set all the front 
panel controls to minimum (anticlockwise) and inter- 
nally set PR2 and PR3 fully clockwise and PR1 and 
PR4 midway. Connect a voltmeter across R21, switch 
on and adjust PR2 until the meter reads approxi- 
mately 1.6V. 

Now connect a signal source to the compressor 
input and an amplifier to the output. Turn up the com- 
pressor input level. The signal should be audible at 
the output and LED] should light. Turn the Threshold 
control on the compressor right up until LED1 goes 
out (reduce the input level if necessary). Adjust PR3 
until the output signal is just inaudible. 

If the Threshold control is now turned down 
LED1 will relight and the output will reappear, pro- 
bably with a noticeable click. PR1 is to be adjusted until 
this click disappears. To do this it is best to use music 
with a regular beat as the input and adjust the Thres- 
hold until LED1 only triggers on the beat. Keep the 
input level low so as to hear the click better. 

This last step needs to be repeated for the Gate 
channel. Connect the music to the Ext Trigger input, 
leave the main input unconnected and monitor the 
output. Adjust the Gate Threshold until LED2 triggers 
on the beat and tweak PR4 until the corresponding 
clicks (this time without the music) at the output 
disappear. Put the music through the main input (just 
to check it's working OK) and then you're ready for 
action! 


Applications 


The unit is designed mainly for line-level signals, 
although high-output guitars can be used with 
success. After plumbing it in, the input level controls 
should be set so that clipping is just avoided. Then the 
desired degree of compression can be set with the 
Compression control. 

The compressor can be used on almost any sig- 
nal whilst recording. By keeping the signal level within 
a restricted range, it will give a better signal-to-noise 
ratio on tape and when mixing down, it will help pre- 
serve the balance — no more accidentally louder- 
than-average guitar notes sticking out like a sore 
thumb. 

Compression may be used to add sustain to 
guitar and bass — usually a fast attack and medium 
fast decay are a good starting point. The short attack 
time will reduce the transients at the starts of notes, 
which is useful on bass but is often not desirable on 
guitar, especially acoustic. Increasing the attack time 
will allow these transients through without being 
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Fig.3 Block diagram of the compressor/limiter/gate 


HOW IT WORKS 
The unitis based around an LM13700 VCA chip with two separate. 


amplifiers provided tomatch the unit tothe widerangeoflevelstypical 
in home recording set-ups, and to give a low-impedance to 
VCA. 

The circuit diagram is shown in Fig.4. 


high frequencies) to an acceptable level. Note that the inputs and 
outputs to the 13700 are actually current sources and sinks, so the 
combination C2/R4 and C3/R8 is all thet is needed to give 
theoretically flat overall frequency response. : 
The noise-gate control block based around IC3 and 1C4 is 
indenticalin operation tothatin the Gate channel, withthe exception 
that certain parameters are not variable, Hold Time is fixed at 100ms- 
byC7/R16 and the Attack and Decay controls are replaced byRV3and- 
D3 which fixes the decay time at 470ms and the attack, 
adjustable 0-470ms, ee 


charges via RV4 and discharges via RV. 
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These bring the noise level (especially at subjectively more annoying. i 


compressed. 

For use on percussion, fast attack and decay 
times are needed. Kick drums and snares will have 
sustain and ‘body’ added. The Gate Time can be 
increased to give a soft start to the beat. 

Vocalists with a tendency for wild crescendos 
(most of them) benefit from gentle compression to 
keep an even level on tape. Slowish Attack and Decay 
times are best and the degree of Compression should 
not be too severe. 

The major application for gating is as a simple 
noise gate. The gate is set to trigger when any signal 
appears and just shuts off in the gaps, reducing the 
apparent noise. Don't expect a noise-gate to solve all 
your hiss problems though. You will still have the hiss 
when the signal is present and if the signal has no high 
frequency components it will still be audible. 

It is often more distracting having hiss appearing 
and disappearing all the time than a constant 
background level. When miking a drum kit, gating can 
be used to stop spillage of the hi-hats onto snare or 
toms mikes. 

A gate can also be used to reshape notes. Using 
a slow Attack time can make a guitar sound like a 
violin or drums sound backwards and is equally good 
on fretless bass. Altenatively using a fast Attack and 
Decay time and setting the triggering Threshold higher 
than normal will remove fret buzzes, string squeaks 
and so on. 

Lastly there are many creative possibilities 


- Thecontovotageis eppiedto the gate of FET 2, whose source 


actual compression, See Fig.3 for a simplified diagram. The input increases: 


The compression section uses a precision rectifier and smoothing tri 
toconvert the output signal to aDC voltage andablocktoreducethe 
gain of the amplifier as this voltage increases. The precisionrectifier 
isbased around|C5 and produces anegative output viadiodesD4and 
D5 to charge smoothing capacitor C9. LESS : 
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Fig.4 Circuit diagram of the complete unit 
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Fig.5 The component overlay for the compressor/limiter/gate 


PARTS LIST 
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Fig.6 Suggested front panel layout 
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Fig.7 Earthing the board (a) With metal spacers (b} With insulating spacers 


available with the Ext Trig input such as producingan to give a beefier bass/snare or whatever. Lastly, 
electronic drum sound by feeding a note from asynth remember there are never any rules about using 
into the main input and using the bass or snare signal compression or gating, and the more weird and 
to trigger it. interesting noises you end up with the better. 
Frequency selective gating can be done by splitt- Happy twiddling. 

ing a signal in two, routing one half direct to the input 
and the other to the Ext Trig input via a graphic or 
parametric EQ. This can then be used to separate a 
bass drum from a percussion track by boosting the 
bass on the EQ. Boosting the midrange will usually 
get the snare. These can then be fed’through further 
effects and mixed back in with the percussion track 
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Bob Joyce presents 
the first part of his 
step-by-step guide to 
an intelligent text and 
graphics plotter 
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INTELLIGENT PLOTTER 


he Intelligent Plotter is a 2-axis plotter 
based on the 6502 microprocessor, It uses 
standard plotter pens and has a precise 
resolution of 0.1mm to produce engineer- 
ing artwork on foil, paper or other 


materials. 
The design has two separate drives. each with 


HOW IT WORKS 


a 1.8° stepper motor driven in half-step mode to 
provide 400 steps per revolution of the motor. A 
QWERTY keyboard has been included to allow for 
text entry and there are two 4-digit displays to show 
program data, speed parameters and current pen 
position. 

Initial start up accuracy is maintained by single 
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Fig. 1 The circuit of the Micro-Writer 


driver board 
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Fig. 2 The component overlay for the driver board 


key automatic datumming. An inbuilt joystick allows 
for operation of the Plotter for freehand drawing. 


Taking Steps 


This first article deals with the stepper drive board. 
Each direction of movement requires a separate 
stepper motor so we need two drive boards. 

The boards utilise a stepper motor driver IC from 
SGS, the L297, to perform the necessary conversion 
from direction, clock and step type (full step or half 
step) to four coil outputs. These outputs are not able 
to drive the stepper motors directly — this is done by 
four darlington power transistors via a couple of logic 
driver ICs. The 5V input control signals to the drive 
board can be taken from the Intelligent Plotter micro- 
processing board, from a computer (using say a BBC 
user port), or from a square wave oscillator for manual 
operation. 

Stepper motors convert digital signals into 
rotary motion. The stepper motor rotates a single step 
with each pulse, thus providing precise positioning 
without the need for feedback encoders. When 
stepped at high rates the rotation appears continuous. 
Reverse stepping is simply a matter of reversing the 
coil energising sequence. 

To obtain maximum speeds the stepper motor 
must be accelerated (referred to as ramping) into its 
slow range and decelerated into its base speed to stop 
or change direction. If the motor is reversed without 
deceleration, loss of step can occur with a 
corresponding loss of accruacy. 

On the Micro-Writer the base speed, acceleration 
rate and maximum speed can all be programmed 
from the keyboard at any time between plotting. 


Construction 

The component overlay for the drive board is shown 
in Fig. 2. Solder all components except the power 
transistors and the voltage regulator (Q1-5 and IC4) 
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Fig. 4 Mounting the voltage regulator IC4 
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noting polarity of diodes, capacitors and IC holders. 
The resistor networks (R24 & R25) consist of 7 
commoned resistors, the commoned end is marked 
with a dot. The higher wattage resistors (R7, 10, 12 
& 21) should be mounted 1-2mm off the PCB. 

The power transistors Q1-5 should be loaded 
next as shown, ensuring that no shorting occurs. 

Next mount the voltage regulator IC4 and secure 
to heatsink (Fig. 4) prior to soldering it in. Again 
ensure that no shorting occurs. 


Testing 


Before inserting any ICs into their sockets, closely 
inspect the PCB tracks for shorts or bad joins. Time 
spent here is well worth the effort compared with 
tracing the fault later! 


Check each power transistor resistance from base: 


to emitter and collector, any low reading here suggests 
a fault. Finally check that all polarized components 
are correctly orientated. 

To set up the drive board, firstly check the 32V 
supply before connecting it to the drive board. It 
should be around 30-33V. 

If this is okay discharge the smoothing capacitor 
C14 with a 100R resistor (not a screwdriver!). Insert 
1C3 into its socket, connect the power supply to the 
drive board (either using the optional 32-way 
connector or direct soldering), then switch on and 
check the auxiliary 12V output at D10 and the 5V on 
the +end of C10. 

Then insert the rest of the ICs. Don't proceed if 
the 5V supply is more than 0.25V out, In case of errors 
check the voltages around IC3 and Q5 for shorts or 
incorrect value resistors. 


Calibration j 


Rotate RV 1 to the anti-clockwise end and connect the 
motor as shown in Fig. 5. Connect the power supply 
but not the computer or manual oscillator yet. 

Switch on power and try rotating the motor 
spindle by hand — there should be very little torque. 
Now increase the current to the motor windings by 
rotating RV1 clockwise until the motor current to the 
coils is equal to the manufacturer's data for the motor 
in use (1A on the specified motor). 

Alternatively, rotate RV1 until the motor torque 
is sufficiently high to be very difficult to rotate, then 
rotate RV1 one further revolution clockwise. 

Switch off power and connect the computer user 
port to the motor board as shown below in Fig. 6. 


Software 


To enable the stepper motor drive boards to be 
checked, I have included a simple BBC computer 
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uw 
co 


100 


160 
170 


REM SINGLE AXIS 

REM BASIC STEPPER MOTOR DRIVER 
BOB JOYCE 

REM 1988 


MODE7 
ON ERROR RUN 


REPEAT 
PROCinit 
PROCinput 
PROCstepper 
UNTIL FALSE 

END 


DEF PROCinit 
ddrb=&FE62 
irb=&FE60 
orb=&FE60 
?ddrb=8FF 
ENDPROC 


DEF PROCstepper 

IF dir=1 THEN ?orb = ?orb AND &EE 
IF dir=2 THEN ?orb = ?orb OR 411 
FOR noofsteps = 0 TO steps 


270 PRINTTAB( 30,4); steps-noofsteps;S 


Pc(10) 
280 ?orb = ?orb OR 02 
290 ?orb = ?orb OR &20 
300 FOR delay=0 TO actualspeed : NEX 
Ly 
310 ?oerb = ?orb AND &DD 
320 NEXT 
330 ENDPROC 
340 
350 DEFPROCinput 
360 CLS 


370 PRINTTAB(1,2)CHR$(134);CHR$(141);" 
Enter the number of steps" 

380 PRINTTAB(1)CHR$(134);CHR$(141);"En 
ter the number of steps" 

390 INPUTTAB(30,4)step$ 

400 steps=VAL step$ 

410 IF steps <=0 PROCerror(step$):GOT 
0370 

420 IF steps »>999999999 PROCerror(step 
$) :GOTO370 

430 PRINTTAB(1,8)CHR$(134);CHR$(141);" 
Enter dir 1(cw) 2(acw)" 

440 PRINTTAB(1)CHR$(134) ;CHR$(141);"En 
ter dir (cw) 2(acw)" 


450 INPUTTAB(30,10)dir$ 

460 dir=VAL dir$ 

470 IF dir >2 PROCerror(dir$):GOTO430 

480 IF dir <1 PROCerror(dir$):GOTO430 

490 PRINTTAB(1,14)CHR$(134) ;CHR$(141); 
"Enter speed in revs/min.(1 to 48)" 

500 PRINTTAB(1)CHR$(134);CHR$(141);"En 
ter speed in revs/min.(1 to 48)" 

510 INPUTTAB(30,16)speed$ 

520 speed= VAL speed$ 

530 IF speed >48PROCerror(speed$) : GOTO 
490 

540 actualspeed = 48/speed 

550 ENDPROC 

560 

570 DEF PROCerror(xX$) 

580 CLS : VDU7 

590 PRINTTAB(0,6) "Sorry!";CHR$(136);C 
HR$(129);X$ 

600 PRINTTAB(0,18) ;CHR$(137);CHR$(135. 
);"Is not acceptable try again" 

610 FOR delay=1 TO 5000 

620 NEXT 

630 CLS 

640 ENDPROC 


Listing 1 Basic Checking Program 
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DRIVE BOARD Y 


DRIVE BOARD X 


Fig. 6 Off-board connections for use with a BBC 
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Fig. 7 The flow chart for the BBC program 
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Basic program listing (Listing 1). 

The flow chart in Fig. 7 shows the sequence of 
operation of the program. Type in the program 
carefully (make sure you distinguish between O and 
zero 0). Save it before running to prevent corruption 
(if you are unsure if the program is running correctly 
then temporarily remove line 70 (ON ERROR RUN) 
— most faults should be captured by the operating 
system and displayed as an error). 

To enable full flexibility of speed and operation 
on a BBC micro, 6502 machine code must be used. 
The author has written an interrupt-driven machine 
code program to drive one or both drive boards and 
change speed and direction independently. This 
machine code program together with the basic 
program and a menu control are available on a J SS 
40-track disc or cassette — see Buylines for details. 

Next month we will move on to the mechanics 


of the Intelligent Plotter. 
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Fig. 9 Connections for manual control 
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SPECIAL OFFERS * SPECIAL OFFERS 
5 555 TIMER (IC's) Sal] 


19” RACK MOUNTING EQUIPMENT CASES 


This range of 19” rack equipment cases have been designed with economy and versafllity 
as their objective. These cases are supplied as a flat pack kit with assembly instructions. 
The * NEW IMPROVED DESIGN »* now features a black powder coat 16SWG {1.5mm} 
steel front panel with the rear box constructed from 9mm PVC coated steel 

All units are 10" (254mm) deep and are available in the following popular sizes:- 


TYPE HEIGHT PRICE - 
ul 1" (44mm) 21.85 awe 2s 
u2 3” (88mm)} 23.00 ye 4 
5 741 OP-AMPS £] U3 5" (133mm) 25.30 wr N. 
U4 7” (178mm) 27.60 a 
1 M6U Sloped mixer case 28.75 ala. 
2 LED's (5mm red or green) Soa | nel week RenIDES rs J Le 
GENERAL PURPOSE £7 All prices INCLUDE VAT : Bag io 
Blanking Panels, Racking Consoles Mg Bs 
TRANSISTORS (BC 548, BC182 etc) and Rack Cabinets are also available, FS, 


Please send S.A-E. for details. 
* TRADE ENQUIRIES WELCOME * 


TEL: 0275 823983 FOR ACCESS/VISA SALES 
OR CHEQUE WITH ORDER TO:- 


RACKZ PRODUCTS PO BOX NO. 1402, MANGOTSFIELD, BRISTOL 


95 BATTERY CLIPS (PP3) £] 


5) ASSORTED POTS & PRESETS Sal 


1,0) ASSORTED CAPACITORS Sl | ENGLAND. BS17 3RY 
(Picofarads-2200uf) 
ELECTROLYTIC CAPACITORS =] 
ao BINDERS 
1] SV 1.8VA POWER SUPPLY £1] FOR YOUR VALUABLE COLLECTION 
OF ELECTRONICS TODAY "" 
2 MYSTERY PACK $i) INTERNATIONAL MAGAZINES 4 ¢5.95 © 
puso remaet | 
CROCODILE CLIPS ° : x 35, % P&P 
we H , Wolsey Road, Hemel 
(5 red and 5 black) £'] keane gate ery Snip Og MM / 
| 9] 90db PIEZO SOUNDER £ i] I"Piease supply Electronics Today international l 


| 
I Binders £5.95 inc. P&P 1 
Total &....... (Please make cheques payable to ASP Lid.) 

i] 


ANY SIX PACKS FOR A FIVER! 
ALL TWELVE FOR A TENNER ! 
P.O. or Cheque to: NATIONAL COMPONENT CLUB, DEPT. ETI, 


tS 
i] 


HIGHER ANSFORD, CASTLE CARY, SOMERSET BA7 7JG. figs ' MMR sais oan es ee Secs vis gn chepdindamemndisaasacnnipnaniichnmis i 
Please add £1 P&P but do not add VAT. = Sails DR CNN COIN esis i eecnsnchini iconic cnainemannsonsenn saiearansenai-iabatenanes t 
3° FREE CLUB MEMBERSHIP oP eacl , Ploase allow 21 days for delivery 1 
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Gary Calland has run 
out of old boots to 
throw at moggies but 
now has a more 
humane method of 
ridding himself of 
pests 


ULTRASONIC HORN 


s your garden the local haunt for the 
neighbourhood dogs and cats? Do they find 

your flowerbeds the ideal play area and your 
dustbin just the place for a small snack? If so, 

then the Ultrasonic Horn is for you! 
Ultrasonics is the region of sound waves above 
about 20kHz. This high frequency cannot be heard 


[ ee 1 The circuit diagram of the Ultrasonic horn 
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Fig. 2 The increased volume obtained from the ultrasonic transducer with 
an anti-phase drive signal 
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by humans but it can be heard by our animal friends. 
The ability of animals to hear ultrasonics was first used 
in the form of dog whistles. Here. the ultrasonic signal 
is relatively quiet and pleasant to the dog. However. 
the signal from the early ultrasonic television remote 
control units were quite different and had strange 
effects on family pets. If loud enough. the ultrasonic 
signal is piercing and irritating (but harmless) to 
animals and they tend to get as far away from it as they 
possibly can. 

The Ultrasonic Horn described here is small but 
produces an extremely loud 23kHz ultrasonic signal 
and should be enough to scare away even the most 
determined animal from the property. 

Ever had a dog or cat run out in front of your car 
causing you to dangerously brake or swerve to avoid 
it? Such incidents could be a thing of the past if the 
Ultrasonic Horn was fitted to your car. A quick burst 
of noise will ensure your presence is felt, dissuading 
the animal to shoot out in front of your car. 


Construction 


Construction is extremely simple if either the PCB 
version (Fig. 4) or the stripboard version (Fig. 5) is 
built. In either case the IC should be mounted in an 
IC socket to reduce the risk of damage by heat or static 
electricity. Remember that touching any pins of the 
CMOS IC may render it useless due to the static 
charge that exists on a person — this should be 
avoided! 

Note the polarity of the capacitor C2 but the LED 
may be soldered either way round. If the stripboard 
version is to be built make sure all the eight breaks are 
made in their correct positions with a twist drill bit. 
Both versions are smal] enough to be mounted in 
virtually any case. 
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In Use 


Any supply voltage in the range 3-20V can be used. 
The higher the voltage, the louder the ultrasonic 
signal. When power is applied, the LED will glow 
brightly. RV1 should be adjusted until the LED dims 
slightly. At this point, RV1 is set correctly and the 
ultrasonic transducer will be fed its required 23kHz 
signal. LED1 can now be carefully removed as it is no 
longer needed and only draws more current than 
needed from the supply. Fit a switch if required into 
the supply line. The Ultrasonic Horn is now ready for 
use. 


= > 


IMPEDANCE 


23kHz FREQUENCY 


| Fig. 3 The characteristic of the ultrasonic 
transducer 


_ HOW IT WORKS 
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Fig. 4 The component overlay for the PCB version of the Ultrasonic horn 
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Fig. 5 The track cuts and component overlay for the stripboard version of the Ultrasonic horn 
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for ions in the air with 
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THE QUEST-ION 


he Quest-lon is a hand-held meter which 

sniffs out ions in the air. It can sort out the 

good ones from the duds if you're thinking 

of buying a commercial air ioniser, check 

the efficiency and output level of one 
you've made yourself, tell you whether the ions are 
all collecting around the emitter or diffusing 
throughout the room, do an ion-survey of your house 
or office — in short it will tell you anything you want 
to know about ions in the air. 

The whys and wherefores of air ions were 
explained in detail in the Variat-Ion air ioniser project 
in October 1988. Briefly, the story goes like this. 
Through various natural processes, air molecules can 
pick up an electrical charge. If they gain a negative 
charge they're called negative ions. or neg-ions. With 
a positive charge they become pos-ions. 

Pos-ions are blamed for all kinds of unpleasant 
things — feelings of depression, headaches, sickness, 
and so on. Neg-ions, on the other hand, are credited 
with all kinds of good effects — feeling alert, healthy 
and ready for anything. So you can see it might be 
useful to know which variety you're living in. 

With so many sources of pos-ions around, many 
people don't take any chances. They make or buy air 
ionisers to cancel out the positive charge and fill their 
houses with an excess of neg-ions. Whether these 
ionisers work as well as they might depends on how 
effectively the ions are distributed around the room 
once they leave the emitter. The only way to be sure 
is to take reading with an ion meter, which is what this 
project is all about. 


The Circuit 


The circuit of the Quest-lon is shown in Fig. 1. The 
basic principle of its operation is quite straightforward. 
The ions are collected by the electrode and cause a 


current to flow in the resistor chain R2-R8, The voltage 
developed across these resistors is amplified by [C1 
and applied to a string of comparators IC2a-IC6a. The 
comparators are set to trigger in turn as the voltage 
at IC1 output rises or falls. Each triggering lights one 
of the LEDs. The arrangement acts as a dot-mode bar 
graph display of the ion level 

If you doa few sums you'll find it’s far from being 
either log or linear — the only two varieties available 
in IC form — hence the multi-IC circuit. 

With SW] pressed to disconnect the collection 
electrode, RV2 is adjusted so that the amber LED 
{(LED2) is lit. This shows that no ions (or less than 50 
million a second — hardly worth bothering about!) are 
being picked up. When SW1 is released the electrode 
is connected to the circuit and the LED dot moves to 
register any ions in the air. 

The layout of the display is shown in Fig. 2 — 
if the dot moves up to the red LED it shows that pos- 
ions are present, if it moves downwards to one of the 
green LEDs it will show how many neg-ions are being 
picked up. 

With RV1 in the ‘calibrated’ position (minimum 
resistance) and assuming that each air ion is associated 
with one electronic charge, it takes 50 million ions per 
second to shift the display from amber to red (for pos- 
ions) or to the first green LED (for neg-ions). Anything 
below this won't register. It would be a fine thing to 
have a meter that was more sensitive still (you can, 
in fact, increase the sensitivity by adjusting RV1) but 
before getting carried away let's look at the difficulties 
we've already made for ourselves. 

First of all, our 50 million ions per second only 
produce a current of 8pA in the input circuit. Not a 
lot, really. Itis, in fact, pushing ordinary op-amps and 
PCBs very close to their limits. The problem is that 
any disturbing factor which can produce a similar 
current will also register on the display. The list is as 
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long as you care to make it: RF and mains radiations, 
changes in op-amps bias current, thermal effects, 
capacitance effects, and so on. 

Something you might not have thought to add 
to the list is conduction through the PCB itself, or 
across its surface. In last year’s electric fence project 
I mentioned that materials we normally think of as 
insulators often turn out not to be when very high 
voltages are present. The same thing applies when 
you're dealing with very tiny currents and one of the 
things you can no longer think of as being a good 
insulator is the fibreglass that separates tracks on the 
PCB! 

To put some figures to it, a pair of adjacent tracks 
on a clean, dry PCB may have a resistance of the 
order of 10'*? Ohms between them. This means that 
for every 1V difference in their voltages, a current of 
1pA will flow between them. Not very important when 
your circuit has milliamps flowing around it but when 
you're dealing with signals at the pA level it makes a 
huge impact! If the PCB is not clean — if it still has 
traces of etchant on it, or flux residues from soldering, 
general dust and dirt, or has absorbed moisture from 
the air, the situation can be very much worse. 

The techniques for dealing with this problem are 
well known to any instrumentation designer but since 
ETI has not published a circuit of this nature within 
living memory, you might like to know a little about 
the basic principles. In particular, about the guard ring 
used in the Quest-lon. 


Guard Duty 


There are a number of techniques for reducing leak- 


C6 PUSH TO 
JON COLLECTION SREAK 
ELECTRODE 


age currents — most of them fairly obvious. If a glass- 
epoxy PCB has too low a resistance, use a material 
with a higher one! Polycarbonate and PTFE are better 
but expensive. Standing the sensitive parts of the 
circuit on PTFE insulated pins is another possibility. 
The device used in the Quest-Ion, a guard ring, works 
in a different way. You won't find it in the parts list — 
it's etched onto the PCB. 

Figure 3a shows the situation we have to deal 
with. The diagram shows the underside of the PCB 
around IC1l. The + input is right beside the —V 
supply pin. Assuming that the +input is at about 5V, 
as it will be in the Quest-Ion, and that the tracks don't 
run close together for more than about Yin, the 
current flowing between them might be about 5pA. 
If the sensitive input track runs for any appreciable 
distance, as it must in this circuit since it connects to 
several other components, there will be other tracks 
in the vicinity which will add or take more current — 
and who can guess what the overall result might be? 

A first line of defence would be to keep the 
sensitive track as far as possible from any others or 
even to run it as a PTFE insulated wire, but a better 
solution is shown in Fig. 3b. What you do is to 
surround the sensitive input, and anything connected 
to it, with a complete ring. Then you find a point in 
the circuit which is at almost the same voltage as the 
+ input, but at a low impedance. Connect this point 
to the ring. If you do that, virtually no current will flow 
between the ring and the input because they're near 
as makes no odds at the same voltage. Any currents 
flowing from other tracks on the PCB will be absorbed 
by the guard and won't go where they can do any 
harm. 
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Fig. 1 Circuit of the Quest-ion 


ETI FEBRUARY 1989 


JJAfOHd 


LED1 (RED) 


R23 
680R 


R24 
680R 


LED2 (AMBER) 


LED3 (GREEN) 


41 


eae) eae tees TPO olieM ce fet A ee LS ss ale en ihe eee eet eM WMS Ou RR idee gored ile CR eS AS) eh ae oll at ae (ie ac 
roe Maree op 20. tad, ise triers, 2 loess Nat rah osha Wak A ao MO. ye eae ee ¥ eta a - 


2 | <50 MILLION IONS PER SECOND 


© 


~IN +IN 


(ii) INVERTING AMP GUARD 
ov 


(iii) NON- INVERTING AMP 
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Fig. 3{a) The leakage problem 
(b) The solution 
(c) Driving the guards 


It may seem like a long shot that there will 
actually be another point in the circuit that’s at the 
same voltage as the input but because of an op-amp’s 
action of maintaining its two inputs at the same voltage 
there almost always is a suitable point. Fig.3c shows 
where to connect a guard for various common op- 
amp configuration. 

In the follower and inverting configurations it is 
usually advisable to guard both inputs — the series 
resistors are likely to be large making the other input 
vulnerable to leakage too. The non-inverting con- 
figuration is not strictly Kosher — it should have 
another resistor in series with the, input — but that's 
the configuration I've used in the Quest-lon (for very 
practical reasons) so that's the way it's gonna stay. 

On the PCB you'll easily find the guard ring — 
just start at pin 3 of [C1 and follow it around. You’ Il 
also see that the track from the output of IC2 (pin 7) 


PARTS LIST 


interposes itself between the sensitive parts of the 
circuit and the rest, also with the intention of cutting 
down leakage currents. 

The guard on its own is not panacea for all PCB 
ills. If the board is not clean (and | mean really clean, 
not just clean looking) and not insulated against 
moisture penetration, a lot of the good work will be 
undone. Don't cut corners on the board preparation 
when you come to build the Quest-lon! 


Construction 


The component overlay for the PCB is shown in Fig.4. 
Before beginning, wipe the board over with a little iso- 
propanol, particularly the top side which you won't 
be able to reach once the components are in place. 

Leave the LEDs till last — they are a bit tricky to 
put in because the lead length has to be just right to 
bring them flush with the top surface of the case. There 
should be no problem with any of the other com- 
ponents as long as you remember to put in the links 
that run under IC1 and [C2 before you solder in the 
ICs themselves. You'll see from the photograph that 
I used sockets in the prototype — this is not recom- 
mended for the final version (I removed them from 
mine after the photograph was taken!) because they 
give yet another apportunity for leakage currents to 
make a nuisance of themselves. 

With the PCB assembled (all but the LEDs) you 
can turn your attention to the case top for the bar of 
LEDs. The position and dimensions of the slot are 
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Fig. 4 Component overlay for the main PCB 


shown in Fig.5. 

The way I made the hole on the prototype was 
to use a miniature routing bit in a PCB drill. This is not 
ideal, since the high speed drill tended to melt rather 
than cut its way through the plastic, so the job had to 
be tidied up with a sharp modelling knife. It looks OK 
as long as you don't inspect it too closely! 

An alternative is to use the old trick of drilling a 
line of holes along the slot, then cutting between them 
with a sharp knife. With patience you'll end up with 
a respectable looking hole. For the impatient there are 
two possible cop-outs. Either use 3mm round LEDs 
and drill holes 0.2in apart for them, or bodge a slot 
of roughly the right dimensions and make a paper or 
plastic label to go over the top. (The latter is a useful 
standby anyway in case you make a pig's breakfast of 
the cutting!) 

The other holes are much easier: you need one 
for the jack socket on one side of the case lid, one for 
the push-switch on the other and if you follow my 
layout, one for RV2 on the top. My reason for putting 
the switch and pot in the positions | did was to make 
the zeroing as easy as possible — with the meter held 
in the palm of the left hand the switch falls comfortably 
under the thumb and the pot can be adjusted with the 
right hand without obscuring the LEDs. 

If you choose different positions, watch out that 
the switch body doesn't foul the line of LEDs (which 
it will if you put it too far back) and that RV2 doesn't 
try to occupy the same part of the case as the jack 
socket. It’s a basic law of physics that two objects can't 
be in the same place at the same time but an easy one 
to overlook! 

The other hole in the top of the case is optional. 
I drilled it so that RV1 could be altered from outside 
the case while I was experimenting with the circuit — 
you might prefer to set it up and leave it alone. 

My method of making round holes, by the way, 
is to use the standard ETI drill bit, which has been in 
the drill so long it’s bonded in place. Then I widen them 
out to suit the switch or socket or whatever with a 
reamer. I've sung the praises of reamers before — if 
you haven't already got one, make this the day that 
you treat yourself. You'll bless the day for ever! 

Back to the circuit board, your main task is now 
to put in the LEDs. The way I'd suggest doing itis like 
this. Take one of the green LEDs and holding the top 
and bottom sections of the case together (without the 
front section on) measure a length of lead so that with 
the top of the LED flush with the very top of the case, 
the leads will reach the floor of the bottom section. 
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Cut the leads to just a teensy bit shorter than this 
length. Take the red LED and cut its leads to the same 
length. Push the red LED into the LEDI position and 
the green LED into the LED8 position so that their 
leads are only just through the PCB. Rest the PCB on 


Fig. 5 Drilling the case 
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Fig. 6 The collector PCB and its connections 
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the supports in the bottom of the case and gently bring 
the lid down so that the LEDs go through the slot and, 
with the two case sections together, stand a little proud 
of the top surface. Push them down so they're flush 
with the surface, remove the lid and without disturbing 
the position of the LEDs turn the board on its side and 
solder them. 

Put them back in the case to make absolutely 
sure they’e in the right position (melt the solder again 
and adjust them a little if necessary). Push all the other 
LED leads through their respective PCB holes in 
positions LED2 to LED7, turn the board upside down 
on a flat surface (of course it won't balance — prop 
it up!) and adjust all the LEDs so that they are level. 
Then solder them all in place, trim the leads, and 
you're through. 

Now for the wires: 4in of 3-way ribbon cable for 
RV2, 4in of 2-way ribbon for the socket, 4in of 
stranded wire to link switch to PCB, 21/2in of stranded 
wire to run from PCB to rear of collection electrode, 
and one PP3 battery snap with its leads trimmed to 
about 21/2 to 3 inches. Once all these are in place, it’s 
time to pay attention to finishing the PCB. 

As I pointed out earlier, the performance of the 
meter will depend very much on how carefully you 
finish off the PCB. The first thing you need to do is 
to clean away every trace of soldering flux, grease and 
dirt from the surface of the PCB. Once again, it's a job 
for IPA, or iso-propanol. This is a good solvent to use 
because it removes everything you want to remove, 
and at the same time is nice stuff to handle — no 
deadly fumes or need to wear gloves as there is with 
the more aggressive solvents. Don't make the mistake 
I did, though, and buy cloths impregnated with the 
stuff — they snag on the solder joints and leave hairs 
all over the board. 

A good stiff brush is the best way to apply it. Look 
closely at the board and make sure you get off all 
traces of flux as you go. Rinse the board either with 
more IPA or with de-ionised water (sold in car 
accessory shops for topping up batteries). Dab the 
board dry, then leave it in a warm place for a few hours 
to dry out thoroughly. 

For the best possible performance, the final thing 
is to cover the board with resin to prevent any moisture 
absorption. Any PCB lacquer will do, although if 
you've got a healthy bank balance and want to go for 


the best, a modified silicone conformal coating is hard 
to beat. Follow the instructions for whatever brand you 
use, spray both sides of the board, and allow enough 
time for the resin to dry before doing anything else to it. 

While you've waiting for the main PCB to dry 
there are a few odd jobs you can be getting on with, 
Fixing the switch and socket to the case is just a matter 
of tightening a couple of nuts. The zeroing pot, RV1, 
will have to be glued. The trick here is to make sure 
you don't glue the knob to the body of the pot! 

Don't try putting any glue on the top surface — 
it will just squeeze into places you'd rather it didn't go. 
Hold the pot against the surface of the case, then trace 
some glue around the outside of the pot body with 
a matchstick. If you lift the pot just a little away from 
the surface of the case, then press it back, enough glue 
will get underneath to form a firm bond. Quick setting 
Aradite gives a firm bond — you'll have to keep the 
pot pressed in place for a minute or two until the resin 
starts to go firm. After that you can leave it totcure on 
its own. 

Making the earth lead is the next job. Use about 
four feet (more if you like) of 32/0.2 stranded wire. 
Solder one end to a crocodile clip. Remove the cover 
from the jack plug, thread the cover onto the wire 
(easy to forget!) then solder the earth wire to both 
terminals of the plug. Screw the cover back on and 
you've got your earth lead. It doubles as an on-off 
switch — plugging it in turns the meter on by con- 
necting the negative terminal of the battery to the rest 
of the circuit, which is the reason for shorting the two 
terminals of the plug together. 

The collection electrode is shown in Fig. 6. The 
part with the starbust pattern is the collecting side, 
which points outside the case. The plain side with the 
village pond pattern is the inside. There's nothing very 
complicated to do here — you need to solder a 
through-link to join front and rear of the PCB — this 
goes through the central hole and is soldered on both 
sides. You need a wire to transfer the current to the 
circuit via SW1 — about 2'/in of stranded wire 
soldered to the surface of the other copper cicle. 

There's C6 to be soldered in the position shown 
and finally the rear connection wire from the main 
PCB to be soldered anywhere onto the large copper 
area. Both sides can now be cleaned with IPA, and 
the rear (but not the front) of the collector can be 
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sprayed with lacquer. 

Once both the PCB and the collector are dry you 
can put everything into the case, Screw in the main 
PCB and slot the collector into the front section of the 
case, Connect up the wires as shown in Fig.7. Bring 
the top half of the case down over the bottom half, 
tucking the wires in as you go and guiding the LEDs 
through their slot. Push on the front of the case. Screw 
the top and bottom of the case together {inside the 
battery compartment), fit a PP3 battery and you've 
ready to go! 
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Fig. 7 Wiring it all together 


Searching For Ions 


The basic procedure for using the meter is this. Plug 
in the earth lead to turn it on and connect the croc- 
clip to any earthed object such as the metalwork of 
electrical equipment, a central heating radiator or any 
other grounded metal. Now press the collector dis- 
connection switch and adjust the zeroing pot until the 
amber LED lights. This is best done away from any 
strong ion sources, or you'll discover the limits of the 
switch’s insulation, 

Since there is a slight lag in the Quest-Ion’s 
response, the way expert meter handlers do the 
zeroing is to turn the pot until the LED just lights, then 
back it off a fraction to prevent the display drifting onto 
the next LED in line. When the amber LED is firmly 
on, release the switch and begin your measurements. 

While you're getting used to the meter there are 
a few things you'll notice. One is a slight kick in the 
display, which quickly settles back, whenever you 
release the disconnection button. This is caused by 
charge building up on C6 and is a useful feature of 
the meter, as I'll explain in a moment. You'll also notice 
that the display moves if you move the meter about 
— with a breeze blowing on the collector it can pick 
up more ions but comparative measurements are best 
made in still air unless you want to know the effects 
of, say, using a fan. 


Ioniser Efficiency 


One way you might want to use the meter is to 
compare different ionisers. Close to the emitters there 
will be enough ions to send the reading way off scale 
but more important is how far the ions are travelling. 
If they remain in a cloud around the emitter, that’s no 
good at all. If you take all readings at a distance of, 
say, three feet, you'll be able to make comparisons of 
the useful ion output of different brands. 

If you've built your own ioniser you might still get 
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a buzz out of comparing it with others, particularly with 
commercial models but you'll probably be more 
interested to know if there’s any way to improve it. 
After the initial electrostatic repulsion from the emitter 
the ions rely on air convection to carry them around, 
so ['m not giving anything away by pointing out that 
the largest single improvement you can make is to use 
a fan to blow the ions where you want them. Blow 
over the top of the ioniser towards the Quest-lon and 
up goes the reading by several points — positive proof 
if any were needed. 

The best type of fan to use is the piezo-electric 
variety — they are almost silent in operation and 
produce a gentle breeze rather than a gale-force wind, 
which is exactly what you want. The Quest-lon now 
comes into its own in telling you where to place the 
fan for maximum effect. If you have the ioniser by your 
bedside, for instance, you'll want the ions around your 
face as you sleep. Put the Quest-Ion on your pillow 
and adjust the position and direction of the fan until 
the reading is as high as you can make it. 

With the internal emitter version of the Variat- 
lon, the output depends very strongly on the position 
of the needle points relative to the holes in the rear 
panel. You can optimise the output by placing the 
Quest-lon about three feet away from the ioniser and 
adjusting the board position for a maximum reading. 
So as not to risk shocks or attract sparks, move the 
board with a plastic knitting needle and keep you 
hands well away from all of the circuitry. If you use 
glue that remains liquid for a while, you can do the 
adjusting and gluing all in one operation. 

For experiments with different emitters, go about 
it just the way you would compare different ionisers. 
Make all readings at a distance of three feet from the 
ioniser and see which emitter gives the highest 
reading. 


Ion Surveys 


Because of the lower limits of the Quest-[on’s 
sensitivity (50 million ions per second) it is a little more 
difficult to make readings of very low ion levels. By 
turning RV1 fully anti-clockwise you can increase the 
sensitivity by about 21/2 times but that's the limit for 
direct reading, For lower ion levels the Quest-lon uses 
C6 as an integrator: it collects ions over a period of 
time then displays the total. 

The way you go about it is this, Push the collector 
disconnect button for a set period of time. One minute, 
say. During this period C6 will charge up as ions reach 
the collector — the voltage it finally reaches will 
depend on the number of ions and the length of time 
the switch is pressed. Not being connected to the PCB, 
C6 won't discharge through R2-8 during the integra- 
tion time. Once your chosen time period has elapsed, 
release the switch and note the highest level the 
display reaches. This indicates the ion level. 

Using this technique you can track down any 
sources of positive ions in your home or at work and 
see just what's in the air you're breathing. If it's not 
practical to get rid of the offending object (you're not 
going to chuck out your TV, now are you?) it will at 
least tell you the best site for an ioniser. 
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ETI STAND-ALONE 
EPROM 
PROGRAMMER 


ell there you are then, the hardware 
all finished, the smoke all cleared, 
the charred bits replaced and the 
fire extinquisher recharged, so 
what happens when you plug in 
the system ROM and with trembling fingers switch on 
(you mean your fingers aren't trembling after all that? 
Ah! you're a stronger man than !, Gunga Din!). 

The first thing should be the prompt ‘tEAdy’ 
appears on the display. It if doesn’t then don't despair 
immediately, switch off and give it a check over — 
particularly the links associated with the mapping of 
the system VIA into the I/O page. 

If it's all there try switching on again. If there's still 
no prompt but the display shows a lit digit (normally 
the one on the right) then one possibility which could 
give this sympton is a fault with the reset circuit on the 
single board controller. During software development 
some trouble was experienced with this not appearing 
to operate correctly with the above result, due to the 
processor not entering the ROM at the reset vector. 
Mike Bedford, the hardware designer, thinks its 
something to do with my fingers and as the fault 
disappeared at a later stage it probably was. 

If there is still no prompt, | think it’s now a good 
time to despair! 

Looking on the bright side and assuming the 
prompt is there, try pressing the Fill button, the 
message ‘Addr’ should appear, press Enter and the 
message ‘Len’ should replace it, Enter again and data’ 
should now be in the display. Another Enter should 
immediately give the message ‘done’ and finally a last 
press of Enter returns to the prompt ‘ready’. 

At this point you should be reasonably confident 
that the system ROM is installed and working. 

Onwards by pressing the following keys and 
seeing what you get — Baud, RS232, Algm, Format, 
and Device — using the Enter key in between each 
of these to return to the ‘ready’ prompt. 

Unless you are unbelievably lucky these, with the 
exception of Algm, will display what can best be 


described as rubbish. This is because the battery 
backed RAM will be in arandom state and previously 
stored data (if there was any) such as set up 
parameters will have been lost. This will show up in 
the menus displaying rubbish data as the pointers 
(normally stored in this RAM) to their start addresses 
are now wrong. 

One way around this would be to use the Edit 
function to set the correct values into the RAM, but 
this would be a long winded affair requiring the 
addresses and the data that goes in them to be known. 

Don't worry though, there is an initialisation 
routine tucked away at the end of the Algm menu 
which does not lose its pointer because it is always set 
to Fast on power up. The initialisation routine will set 
all the other pointers to the first item in their respective 
menus. 

The routine is entered by pressing the Aigm 
button and then pressing the Down key, when the 
message INIT should be displayed, pressing Enter at 
this point will initialise all the pointers and reset the 
Algm to Fast. This procedure should not then be 
necessary again unless the RAM should lose its power 
for any reason. 

Due to the battery backing of the RAM the user 
can store new set-up values into the programmer, so 
if development work is being done requiring a certain 
address range to be programmed into a set of 
EPROMs, this can be set up once and retained 


[Function | ——_—Dissay Messages 
Prog | Sic) ten Dest | 
Sic (Mi len —_Dest (M) 

[Output S232 | 
[Fil memory | 
[Searchmem. | 
[Edit memory 
[Devicetype 


Addr (M} Len Data 
Data format for RS232 


RS232 comms params | No. Data and Stop bits (cyclic menu) 
Parity: Odd, Even, None 


50-19200 (cyclic menu} 


SLOW :PULSE :FAST — (cyclic menul 


M = source or destination address in programmer memory 
E = source of destination address in EPROM 


Table 1 Programmer operations and display messages 
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through power down so that it is instantly available at 
switch on for the next session. 

Similarly all baud rates and formats are retained, 
the only fixed option being the Algm which is, as 
mentioned above, always set to Fast on power-up. 


In Command 

The range of commands available is shown in Table 1, 
together with the questions that will be asked by each 
routine. such as ‘Sre’ for the source address. The letter 
following the source or destination in the table refers 
to where the address applies, if an ‘M’ then it refers to 
memory in the programmer and if an ‘E. then the 
address is in the EPROM, 

Where the message ‘cyclic menu’ is shown this 
refers to the fact that a menu is displayed by that 
function. A menu is stepped through by using the up 
and down keys and the final value left in the display 
when the enter key is pressed is the one selected. 

What I propose to do is to give an explanation 
of what each button does when pressed and this will 
| hope form the necessary guide to using the 
programmer, 


Button By Button 

® Device — This option selects the type of EPROM 
to be operated upon by the other options on the top 
row of keys namely Program. Read, Verify and Test. 
The range available is shown in Table 2. The device 
is selected from a menu accessed by the up, down and 
Enter keys. After initialisation the device type is set to 
2758. 


® Prog — Thisasks for the source address in memory, 
the length of the area to be programmed and the 
destination address in the EPROM to which this area 
is to go. 

} From this itis obvious that the same data can be 
programmed to many different addresses in the 
EPROM and that the ‘zero’ position in the memory 
addressing range has no fixed relationship to the zero 
address in the EPROM. 

This lack of fixed relationships leads to a vast 
increase in the flexibility of the machine and holds true 
for the Read and Verify operations as well as Prog. 
This is illustrated by Figure 1. 

The MkII programmer software required data in 
memory to be aligned with EPROM addresses before 
programming, easy to implement and error check. 
The increased flexibility of the new arrangement leads 
to difficulties in error checking and it has in most cases 
been removed, So take care, 


® Kead — This asks for the source address in the 
EPROM, the length and the destination in memory 
to which the data will be read. It is obviously possible 
to read the same information into memory at different 
locations merely by specifying different destination 
addresses, 


® Verify — This option asks for the source address 
in memory, the length of the data to be verified and 
the destination address in the EPROM. There is no 
checking for invalid addresses and if EPROM 
programming has occurred in lots of different 
operations, the contents of programmer memory may 
not reflect the state of the EPROM data at the final 
point. 

The verification need only be used to check the 
success of the Read operation as the programming 
algorithms do an automatic verify of the addresses 
accessed in the EPROM. If you wish to run a separate 
verify operation on the blown EPROM you should 
ensure the verify is only over those addresses just 
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programmed. 

As with the READ and PROGRAM, the 
message ‘running is displayed during operation. The 
message PASS appears if the data verifies and the 
message FAIL if it doesn't. 

The FAIL message only lasts for a couple of 
seconds and gives way to a display of the form 
‘AAAAAmmee showing the address at which the failure 
occurred, the data read from the programmer 
memory and the data from the EPROM, in that order, 
from left to right on the display. 


py —— Algorithm Whether 
FAST/SLOW | Pr 


Table 2 The EPROMs supported by the programmer 


@ Test — This option is slightly different in that it asks 
no questions but directly enters the routine and 
displays the message ‘testing’ until it has finished. It 
tests if the EPROM is completely blank (all the bits are 
set to ‘1). 

If the test is successful then the message ‘ErASEd’ 
is displayed. If the EPROM fails the test because it 
holds data at one or more locations then the 
checksum for the whole EPROM is displayed in the 
form of ‘Csssss° 

The 6-digit hexadecimal value is obtained by 
adding all the bytes in the EPROM, handy for 
comparing EPROMs to see if they contain any 
differences. Although it is possible to obtain the same 
checksums with data from differently coded 
EPROMS, if they are supposed to be the same it is 
definitive. 


® Split — This toggles between 8-bit and 16-bit mode, 
setting a flag and displaying either the message ‘8-bit’ 
or ‘16-bit’ 

Split operation is a special case for the 
programmer asits use is mainly for producing EPROMs 
for 16-bit machines. It obviously needs two 
8-bit EPROMs to cover the whole width of a 16-bit 
bus. This means that the date will be split up into a 
high byte and a low byte, all the high bytes going into 
one EPROM and all the low bytes into another. The 
data from a 16-bit machine will appear as one block 
of contiguous 16-bit words and this is how it should 
be loaded into the programmer. 

When Split is selected the programmer will then 
select all the low bytes of data and flow them into 
contiguous locations in the first EPROM of the type 
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Listing 1 The used portion of the 2764 control EPROM 
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$0 Ag 
Eo co 
FF FF 
FF FF 
70 a8 
aD DO 
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FP FF 
FF PE 
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Es FO 
31 a5 
#3 4c 
FF PF 
6D DO 
AE OFA 
DE £9 
AE FB 
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FF FF 
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BT ,20 
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FF EF 
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FF FF 
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FF FF 
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SE 69 
4C BA 
08 20 
4c BA 
85 51 
1B E6 
FF FF 
20 AE 


1120 
1130 
1140 
1150 
1166 
1170 
1180 
1196 
11a 
11B0 
11¢0 
11D0 
11LEO 
11FO 
1200 
1210 
1220 
1230 
1240 
1250 
1260 
1270 
1280 
1290 
12K0 
1280 
12¢0 
12D0 
i250 
12FO 
1306 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
1390 
13A0 
1380 
13c0 
13D0 
13E0 
13Fo 


1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
14A0 
14B0 
14co 
14D0 
14E0 
14F0 
1500 
1510 
1620 
1530 
i540 
1550 
1560 
1570 
1580 
1590 
15A0 
15B0 
1sco 
18D0 
15E0 
15F0 
1606 
1610 
1629 
16390 
1640 
1650 
16660 
1670 
1689 
1690 
16A0 
16B9 
16cO 
16D 
16£6 
16FO 
1700 
1710 
1720 
1736 
1740 
2750 
1760 
177G 
1780 
1790 
1780 
17B0 
17c0 
1700 
17E0 
17FO 
1860 
1810 
1820 
1B39 
1840 
1850 
1660 
1870 
1880 
1890 
1BA0 
18R0 
1eco 
i6p0 
18E0 
18F0 
1960 
1910 
1920 
1930 
1940 
1950 
1960 
1970 
1980 


iFFO 
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HOW IT WORKS 


selected, and then prompt for a change of EPROM 
with the message ‘ChAngE’ and blow all the high bytes 
into this, 

It is important to understand that no matter if the 
block of data is loaded into the programmer on an 
even numbered address or an odd numbered 
address, the first byte is treated as the low byte and 
the second byte is the high byte and so on up through 
the memory. Because of this it is probably wise to 
always load blocks of data for use with split on even 
word boundaries. 

The Read and Verify options also operate when 
in split mode, in a similar way as that described for 
programming. 


Talking To The Host 

The main method of getting data in and out of the 
programmer is along the RS232C lines to a host 
computer, using the In and Out functions. 

Routine /n will prompt for the destination address 
in memory where the code is to be loaded and the 
length of the file to be input (if the length is not known 
then you may have a problem with hex files). 

The Out routine will send the file in the format 
selected to the host computer and requires only the 
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source address of the data in memory and the length 
of the data to be sent. 

Before using the /n and Out options the RS232 
and Baud options should be selected to set up the 
serial command and control words for the 6551, and 
the Format for send or receive. 


@ RS232 — This option allows the setting of the 
number of bits in the word (currently 7 or 8), the type 
of parity (odd, even or none) and the number of stop 
bits (1 or 2). These options are listed in Table 3 
showing the form they take on the display. 

There are only eight options implemented at 
present, these being a subset of those available using 
the 6551 Asynchronous Communications Interface 
Adapter (ACIA) and corresponding to those obtain- 
able from the 6850 ACIA — these should satisfy most 
situations. 

Directly after initialisation the RS232 parameters 
are set to 7 bits, odd parity and 1 stop bit. 


® Baud — Baud rates from 50 to 19200 are listed 
in Table 4. The default rate is 1200 baud. There may 
be problems with the higher rates as there is no 
Xon/ Xoff protocol implemented — the only control 
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NT Sa ieee SP eee 


50 baud 
75 — baud 


Table 4 Available baud rates 


line on the RS232 port is the DSR control into the 
programmer. 


Table 3 The RS232 communications parameters 
available 


1/0 I/O, It’s Off To Work We Go 


The programmer is capable of receiving and sending 
data to and from a host computer in three different 
formats — plain hexadecimal with no data checking, 
Intel encoded data with checksum and Motorola S 
record data with checksum. 

These are selected by the format key in 
conjunction with the up, down and enter keys, as 
shown in Table 6, On initialisation the format is set to 
‘binary’ as the default. 

The binary data consists of a stream of 
hexadecimal bytes placed directly into memory until 
the specified length of data has been received. 
Sending binary is similar in that a block of memory 
is sent as normal bytes until the entered length has 
been transmitted. 

No checks are made to see that the data is valid 
either in reception or transmission, other than those 
carried out by the UART as part of its internal 
operation. 

The INTEL data format is: 
:nnaaaattdd.......... dd cc <CR> 

where: 

— delimiter character that starts each record 
nn — count of data bytes in the following field 
aaaa_ — load address of the first data byte 
tt — type byte (0= data record, 1=termination) 
dd.dd — data bytes equal in number to nn 
cc — twos complement checksum byte (ex. :) 
<CR> — carriage return character 

If the checksum byte at the end of the data does 
not match that derived from the data an error message 
is displayed. If the data is longer than the length input 
to the routine the data is stopped at that point in 
memory where the length is exceeded. 

The S Record format is slightly more 
complicated, there being a number of different types 
of record to indicate the header, data and end of data 
points. 

A ‘SO’ record,is the header. The data following 
this has ‘ST’ records for 8-bit data, withe the terminator 
being a‘S9' record. Other record types are in use with 
larger address fields and some special uses, but the 
programmer only recognises SO, S1 and S9 types, the 
others are accepted without error but are ignored. 

The S RECORD data format is: 

SUF SOAS Gs fs fk eee le dd cc <CR> 
where: 

S — delimiter character that starts each record 

x — record type (O=start, 1=data, 9=end) 

nn — count bytes to follow (aaaa+dd.dd+cc) 

aaaa — load address of the first data byte 

dd.dd — data bytes 

cc — one’s complement checksum byte (ex. Sx) 


<CR> — carriage return character 

Data for decoding and encoding is norfnally 
placed in a buffer area from which it can be transferred 
into memory. The checksum and address can be 
calculated before transmission. The standard number 
of data bytes sent by the programmer in each record 
is fixed at 32, wrapped up with address, byte count 
and checksum before transmission. 

The possible length of record is dependent on 
the length of buffer reserved. This is currently one 
page of 256 bytes, so providing the record (including 
all delineator and checksum bytes) is equal to or less 
than this it should be received correctly. 


Changing The Code 

The EDIT, FILL and COPY options together with 
SEARCH form the main set of commands for the 
programmer to modify copy and delete sections of 
code in memory. 

The EDIT function allows bytes in the memory 
to be changed and is highly time effective if only a few 
changes are required to the code. However it does not 
allow insertion of new bytes or removal of an old one, 
merely the changing of what is present to begin with. 

When first entered, EDIT asks for the address at 
which you wish to start editing. This is displayed in the 
four digits on the left of the display and the next two 
digits display the data found in memory at this 
address. The last two are blank, waiting for input from 
the user. Pressing the Abort key at this point will cause 
an exit from the editor and return you to the rEADy 


Request for a destination address 


Request to change EPROM (split) 
Test function display 
You're doing something naughty 
Request for an Addr word 
Request for data byte 


msgi8: 
msqg19: 
msgiA: 
msg1B: 
msgFF: 


Table 5 Message displays and explanation 


ETI FEBRUARY 1989 


& 
al 


prompt with no change made to the data in memory. 
Pressing Down will set the direction that the editor will 
travel through memory, so that it moves to lower 
addresses on successive bytes. The default is Up to 
higher addresses. 

Pressing Enter will display the next byte in 
memory either above or below the currently displayed 
one, depending on whether the Down key has been 
pressed or not. 

Once the data has been entered the Abort key 
will act as a Delete key to remove erroneous 
characters. Pressing Enter now puts the currently 
displayed data into memory then updates the display 
from memory to show that it changed correctly and 
after a short pause (about a second) moves on to the 
next location, 

Fill asks for the address in memory from which 
the fill operation is going to start and the length of the 
block to be filled. Then the data byte to be used for 
filling is requested — any byte value that is required 
from &00 to &FF. In most cases it will be &FF to make 
sure that nothing will be blown into the EPROM where 
no code is required. 

‘Running’ is displayed and ‘done’ on completion 
— press Enter to return to main prompt. 

Copy prompts for the source address in memory 
from which you want to copy, the length of the block 
of data and the destination address to which the block 
is to be copied. It should be noted that it operates from 
the bottom up (from low addresses up memory) and 
thus it is not able to copy a block that overlaps at the 
top end of the original block as the data will effectively 
overwrite itself. [t can, however, quite safely move the 
data down in memory even if overlapping. The 
method for copying up memory must be to do two 
copy operations, the first to an address clear of the 
original block and the second into the required 
position. 

Search asks for the start address that the search 
is to run from, the length of memory to be searched 
and the hexadecimal byte that is to be looked for. If 
the byte is not found in the selected range the 
programmer displays the message ‘FAIL to show that 
it could not find it. 

However, if the byte is found the message ‘At 
xxxx’ is displayed where ‘xxxx’ is the address in 
memory at which the byte was found. To search 
further just repeat the function. 

Algm — This allows the setting of the 
programming algorithm for the programmer with 
three options displayed in the menu — FAST, SLO 
and PULSE as shown in Table 6. 

The FAST algorithm is always selected by the 
programmer to start up and operates for all EPROMs 
larger than a 2732 — automatically defaulting to SLO 
for 2732 and smaller EPROMs that do not support 
the FAST programming method. 

The SLO algorithm programs by using 50ms 
pulses and typically would take two minutes to 
program a 2716. 

The PULSE option is available for later 
expansion to micropulse techniques but is not 
implemented in this design. Selecting it will default to 
FAST, 

The one other function on the Algm button is the 
‘INIT state allowing the programmer to be reset to a 
known state if for any reason the RAM should become 
corrupted as discussed earlier. 

In use there are more than 30 different messages 
that might be displayed either for prompts, results of 
commands or because something went wrong. A list 
of these is given in Table 5 along with a short comment 
to explain the prompt or give some idea of what may 
have been the problem. 
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Miss out the mess 
with ready-made 
pre-drilled PCBs for 
ETI projects 


ETI PCB 
SERVICE 


se the form {or a photocopy) for your order. 

Please fill out all parts of the form. 

Make sure you use the board reference number. 
This not only identifies the board concerned but also 
tells you when the project was published. The first two 
numbers are the year of publication and the next two 
the month. The number after the dash indicates the 
particular project in that issue. 

Terms are strictly payment with order. We cannot 
accept official orders but we can supply a pro forma 
invoice if required. Such orders will not be processed 
until payment is received. 

Please make cheques out to ASP Ltd. Payment 
can also be made through Access and Visa cards by 
telephone on (0442) 41221. 


Send your order to: 
ETI PCB Service, ASP Readers Services, 9 Hall 
Road, Hemel Hempstead HP2 7BH 
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E8702-2 Ratemeter ranging board ....................... F E8811-2 Chronoscope (3 bds) ..........:c0.cccec cease P 
E8702-3 Photo Process Controller (3 bds) ............. O —_- E8811-3 Digital Transistor Tester .......0..00.cccceceee G 
E8702-4 LEDline display board (2 off) .................. K —_E8812-1 Doppler Speed Gun (2 bds) ....2....02...0..., K 
E8702-5 LEDline PSU and controller (2 bds) ......... G E8812-2 Small Fry Mini Amp .............00002...000000-- D 
ES7OS-T Capacito meter’ aris cmv sins scsi eon dears cininee are F ES812-3 Thermostat’ ics cacus vos coves canva ciwnn imu nan atawe E 
E8703-2 Geiger Counter 2... eceeereteereteees L _E8812-4 Burglar Buster free PCB .........0.00...02..... D 
E8703-3 Credit Card Casino v......ccccesesecseneneeevers E _£8812-5 Burglar Buster power/relay board ............ E 
E8704-1 BBC micro MIDI interface ..........0000........ L E8812-6 Burglar Buster alarm board .................00. Cc 
E8704-2 ETI Faker patch Box .......2.cccerereeerees H —_£8812-7 Burglar Buster bleeper board .................. Cc 
E8704-3 24Hr Sundial .........0.0..cccesevseesees enone E —_£8901-1 EPROM Programmer mother board ......... M 
E8705-3 MIDI Keyboard keyswitch boards (3 bds) .. W E8901-2 Variat-lon updated main board ............... H 
FRADE BAR nasi csc use coccnses ranerores vansie ban senna wanna Cc E8901-3 Variat-lon emitter board .....................-.. E 
E8705-5 Budget Power Meter ..00. 00.0. ccececcccev eee E E8901-4 In-car power supply ..........00..000cccceces cue C 
ES7OG-2 Hit Power Meter soc ius vimeriorsscus suese nes 95% N  E£8901-5 Granny's hearing booster -..........0.00000000 E 
E8706-2 MIDI Keyboard CPU |... U —_-E8902-1 Compressor/Limiter/Gate ....0.2.....000.-.., L 
E8706-3 MIDI Keyboard Front Panel ................... O E8902-2 Ultrasonic Horn ...........ccccescccescsacsesesees D 
E8706-4 Flame Simulator .....0..0..00cc.c.ccccccecaeeeseee G £8902-3 Stepper motor driver board ..............00..65 L 
E8707-1 MIDI Keyboard PSU ................. Aasmearacen H E8902-4 Quest-Ion (2bds) .-.0..0.....cccc cece ee Pe 
E8707-2 Telephone Alarm ............:..cccceseceeeeeee ees J — 

E8707-3 Nuclear Strategy Simulator .........,........... J ft 

E8708-1 Remindalite 00.0000... ees stearate F 

E8708-2 Rear Wiper Alarm ......-.........00c.ccecesecees G 

ESTOSsS Rev Counter sicrcanunowe ican toe ages eas enews trees F 

ES 7OS-4) CaP AIBHT sy.cserniwusene wa specs cian vas cahen ees F 

E8708-5 Knight Raider -.2..000000..0......ccccccecc tees eves d 

E8709-1 Boiler Controller ........0.0...0.-...ccceseveveees G 

E8709-2 Amstrad Sampler (2 bds} ..........0.-00........ P 

E8709-3 Portable PA 0000000002. ccccccecevesseu eee G 

E8709-4 EEG Monitor (2 bds) ..2.0.-2..0-.0.cececeseceee L 

E8710-1 Concept CPU board .........0...00.000..00.000 N 
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PCB FOIL PATTERNS 


1 


The stepper motor driver board for the intelligent plotter 
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The compressor/limiter/gate foil 


<a 
PR Ca 


Da 


The ultrasonic horn foil pattern 
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Transistor Tester (February 1988) 

The foil pattern for the main board was printed 
reversed left-right on the foil pages. R14 is 
incorrectly given in Fig.1 as 330k. It should be 330R 
as in the Parts List 


Spectrum Co-processor (March 1988) 
Mogul Electronics, given in the Buylines as 
suppliers of the RAM chips, have moved to: Unit 
11, Vestry Estate, Sevenoaks TN14 5EU. Tel: 
(0732) 741841 


Dynamic Noise Reduction (May 1988) 

The LM1894 is no longer available from the sources 
listed but it can be obtained from the author, Please 
address orders to Manu Mehra, 88 Gleneagle 
Road, Streatham, London SW16 6AF. 


QL Output Port (Tech Tips May 1988) 
Several problems with the diagram for this one. AS 
should read AS — that is. address strobe, Pins 22 
and 24 should be connected to +5V and the 
junction of the (only) resistor and diode connected 
to VPA on the QL 


Bicycle Battery Dynamo Backup 

(June 1988) 

C1,2 are incorrectly given as 22 in the Parts List. 
The value of 220 givben on the circuit diagram 
(Fig. 1) is correct 


QWL Loudspeakers (August 1988} 

Some dimensions were missing from Fig. 7. The 
bass driver port centre should be 344in above the 
base of the baffle panel. The notches in the side of 
the tweeter cut-out are !/2in wide. The top plate is 
missing from the cutout diagram (Fig. 6), This is 
7x 4%ain. 


EEG Monitor (September 1987) 

The wiring for the switch SW1 in Fig. 5 shows all 
the wires for selecting Alpha and Beta waves 
swapped. A, should read B,. A, should read B, 
and so on. The easiest remedy is to swap the front 
panel labelling shown in Fig. 6 so that the switch 
labelling reads Theta, Beta, Alpha 


Chronoscope (November 1988) 

In the overlay diagram for the counter PCB (Fig. 
3) the polarity of C12 is shown the wrong way 
around. SW la-d is shown as SW1-4. In Fig. 4 the 
cathodes of LED 8 and 9 are the righthand and 
lefthand pads respectively. The cathodes for LED 
6,7 are marked as the wrong pin. In the text section 
on Battery Operation, Q1 should read T1. In Fig. 
5 SW2 is incorrectly labelled SW5. 


Doppler Speed Gun (December 1988) 

In Fig. 2 the labelling of pins 7 and 4 of IC2 are 
transposed, IC10a Pin 1 and IC9c Pin 10 should 
connect together and not to the 5V rail. The positive 
terminal of C3 should connect to the junction of 
R2/R3. Pin 7 of IC2 should connect to the 12V rail 
and not to Pin 6/R1. So the pin labelling of CONN1 
runs left-right on the overlay diagram, the 
corresponding labelling in Fig. 2 should be 3-1-2, 
reading downwards. Fig. 4 is correct in all respects 
except for the orientation of Q2 for which the c and 
e labels should be transposed. In addition the extra 
switch to be seen in the photograph of the prototype 
is a hangover from a previous incarnation. Just 
ignore it! 

Burglar Buster (December 1988) 

The foil part of the component overlay for the basic 


alarm (Fig. 1) was printed the wrong way around. 
It should be rotated through 180° as in Fig. 5 
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This column is a service to readers to provide electronic designs to order. 
Many a project never gets further than the drawing board because of 
difficulties with one small part. If you are stuck for a circuit or a technique, 
let the ETI expert help you out. Send your requirements, with as much 
detail as possible, to ETI Blueprint, 1 Golden Square, W1R 3AB. 


his month's Blueprint request 

comes from Jorge A M Azevedo 
of Portugal. He would like a circuit to 
increase the brightness of a lamp 
slowly to maximum at first switch on. 

The purpose of this is to increase 
the life of costly 1kW lamps. He wants 
a circuit ‘using common components 
and not some kind of difficult to find 
ICs that I have heard of but can't find!” 
Quite so. Probably the most difficult 
to obtain component in this design is 
the triac! 

The circuit shown in Fig. 1 uses an 
LM324 quad op-amp to provide 
phase control and a transistor to 
generate negative going trigger pulses 
for the triac. 

ICla provides negative going 
trigger pulses at mains zero crossings. 
These reset the ramp generator 
formed by R7 and C4, as shown in the 
waveform diagram of Fig. 2. The 
negative pulses are fed to the trigger 
comparator to make sure it switches 
each mains half cycle. If this 
comparator remains in the on 
condition and does not switch, the 
triac will not be triggered because the 
trigger pulses are AC coupled. 

The mains voltage is fed to ICla 
via R19, which must have an 
adequate voltage rating to cope with 
the peak mains voltage. Most /4W 
types are inadequate, while 1W types 
have a suitable voltage rating. 

The ramp signal is compared with 
a DC voltage from the output of IC1c. 
This voltage starts at the positive 


supply at switch on, and gradually 
declines to 1/2 of the supply voltage as 
C3 charges. This voltage passes 
through the voltage range covered by 
the ramp signal and when this 
happens the lamp gradually comes 
on. 


Negative Trigger 

Some triacs cannot be relied on to 
trigger when a positive trigger pulse is 
applied while the load voltage is 
negative. The reverse situation, with 
negative trigger and positive load 
voltage, is never a problem, so this 
circuit always triggers the triac with 
negative trigger pulses. 
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e.g. 2260, 
L1=50t 0.8mm WIRE 
ON TORROIDAL 


When the ramp voltage exceeds 
the input via R6, the comparator 
switches over, switching on Q1. This 
discharges C6 into the gate of Q2 via 
D10 and R17. Assuming the capacitor 
is initially charged to 9V, the peak 
current is (9V-Vgate) /68R. Assuming 
that 1.5V trigger voltage is needed, 
the current is 110mA peak. This is 


plenty to trigger a triac which needs 
50mA minimum to switch it on. 

After a period of between 0.5ms 
and Ims, C5 is charged and Q1 can 
no longer be kept switched on. Q1 
then switches off and C6 charges via 
R14 and D11. The charging current is 
prevented from switching Q2 spur- 
iously by D10. The comparator is held 
switched on until C5 is charged by D9. 

The functioning of the trigger 
circuit is illustrated by the waveforms 
in Fig. 3. 


Trigger Circuit 

This triggering circuit is designed to 
deliver as much trigger current to Q2 
as possible consistent with not 
demanding more current than the 
power supply has available. 

If C6 is charged and discharged 
through 9V one hundred times per 
second, the average current flow is 
4.23mA. Taking into account the 


VOLTAGE ON 
OUTPUT OF 


a] 220n 
glass CLASS X 


tolerance of the capacitor and the 
zener, this could be as high as 6.5mA 
in some samples of the circuit. 


Power Supply 

The unit is powered by a mains 
dropper resistor (R1), so C1 is charged 
during alternate half cycles. To deter- 
mine the current it is necessary to inte- 
grate the current (half sine wave pulse) 
over one cycle. This gives the formula: 
(Vpeak — Vsupply) /*=(3.40-9.7 
\/3.14. The current is just over 1OmA 
but because the mains voltage could 
be a little low and because of the 
tolerance of R1, it is safe to assume 
that 9mA is available. 

Assuming the worst case for 
trigger current consumption there is 
2.5mA available to power the rest of 
the circuitry, which is just enough. 

Interference reduction and triac 
protection is provided by R20, C7, 
C8, and L1. The snubber network 
(R20 and C7) acts to protect the triac 
from mains spikes but it also gives a 
small reduction in interference. L1 
helps cut interference and protect the 
triac, while the sole function of C8 is 
to cut interference. 

If interference suppression is 
omitted severe interference can be 
caused to radios, sound systems and 
what have you. In addition, legal 
requirements may be breached. 

This unit has been designed to 
work on 240V mains. If the mains 
voltage is different, tha values of R1 
and R19 should be scaled appro- 
priately — for 120V halve the values. 

Andrew Armstrong 
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OPEN CHANNEL 


R“° Pagers aren't often in the 
news, Commonly known as 
‘bleepers. they are often associated 
only with hospitals. 

Well. believe it or not, there are 
about 600,000 of these little beasts in 
use, (publicly) in the OK, (Incidentally, 
there are some five million pagers 
used in the US!) I say publicly because 
there are two distinctly different forms 
of pagers. 

The sort you probably think of 
first, the hospital doctor variety, can 
be thought of as on-site pagers. That 
is. they are centred around a weak 
paging transmitter (on the roof of the 
hospital, say) and only while the 
pagers are on the hospital site can they 
be triggered. 

The public sort of pager {one of 
the 600,000) are wide-area pagers 
with a powerful, centrally-located, 
transmiter or transmitters giving 
coverage over extremely large areas 
— like the whole of the UK. 

Historically, on-site pagers were 
the first to appear —- a company called 
Multitone was the developer — and. 
yes, the very first system was 
commissioned by a hospital. It wasn't 
until 1972 that our national telephone 
service provider, the Post Office, 
began to realise paging’s potential and 
introduced a wide-area service. 

The service was limited, however 
and by the end of the 1970s a new 
standard was being looked for. This 
came in the form of the Post Office 
Code Standards Advisory Group's 
system — commonly, thankfully, 
nicknamed POCSAG. With all 
equipment following the POCSAG 
standard the Post Office (and 
subsequently BT) could buy equip- 
ment from any (usually the cheapest) 
supplier. 

POCSAG has been accepted 
virtually Europe-wide now. so it would 
seem that it should be a strong 
contender for a pan-European 
system. However, POCSAG does 
have a limitation, namely a maximum 
of two million users. If each country 
in Europe had the same penetration 
of pagers to population as in the UK 
(1.1%), then some four million pagers 
would be required. 

This figure is calculated from 
current UK requirements: future 
figures will undoubtedly be higher 
(USA figures, for instance, show a 
penetration of 2.5%). So POCSAG 
can't cope as a pan-European 
standard. Instead the European Radio 
Message System (ERMES) is in 
development and should be with us 
in three or four years. 

In use, on-site and wide-area 
paging systems may appear similar 
but they have significant differences. 
The main one is that a wide-area 
pager can be bleeped by anyone who 
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knows the pagers corresponding 
number. By telephoning the central 
paging exchange, anyone can trigger 
off a paging transmission. With some 
pagers, simple alphanumeric mess- 
ages can be transmitted too. 

An on-site pager, on the other 
hand, is only bleeped by personnel 
within the organisation — typically, 
the switchboard operator. This can be 
extended so that anyone within the 
organisation can get in touch with the 
holder of the pager, perhaps through 
the internal telephone system. Some 
Pagers can receive voice transmissions 
with this facility, too. 

Obviously, you'll see two types of 
user. The wide-area user is someone 
who is frequently on the move, from 
city to city, or country to country. All 
he or she requires is a cheap device 
to warn that someone wants to get in 
touch, perhaps leaving a message on 
the pager's display. If anything more 
is needed, a cellular telephone would 
be better suited. 

The on-site paging user, on the 
other hand, stays on the same site, 
albeit frequently moving. He or she 
needs to know immediately that there 
is a phone call, that a patient is in 
urgent need of medical attention or 
simply that the tea’s ready. 

Each system has its advantages. 
Sales techniques suggest the cost of 
a pager (wide-area) or a system (on- 
site) will even pay for itself with the 
time and money saved by its use. 


Millimetre-sized TV 
It looks very much as though the next 
few years will see the launch of yet 
another type of television system 
known as multipoint video distribution 
system (MVDS)} using high frequency 
radio transmissions. in the millimetre 
range around 30GHz. Ready-built 
systems exist in the USA operating at 
2GHz but these are limited in the 
number of channels, so it would seem 
the extra development cost and time 
will be worth it. in the long run. 
British Telecom has been testing 
a system ultimately capable of relaying 
30 television channels to houses 
equipped with the necessary receiving 
equipment. By all accounts there 
were no problems with the system 
which seems to be perfectly feasible. 
BT says that up to 10,000 homes in 
an area 2km in diameter could be 
serviced by a single transmitter. 
This could be a more than just 
viable competitor to satellite television 
systems, when you consider that dish- 
size for 30GHz transmissions is 15cm 
— compared with 50-90cm for 
satellite reception. Such 30GHz 
dishes will bolt neatly to existing 
terrestrial television aerial masts. 
Watch this space for more details! 


Keith Brindley 
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A“ hi-fi reviewers supplied with 
special, unrepresentative pro- 
ducts? Its a question voiced by many 
a cynic (realist) in the past. 

To the best of my knowledge the 
use of ‘champion’ products to obtain 
an unfair advantage has never been 
proven in any particular case although 
irregularities have arisen between 
reviews as a consequence of batch 
variations. 

Certainly nowadays | cannot 
conceive of any manufacturer naive 
enough to try and pull the wool over 
our eyes, or ears as the case may be. 

Other, quite unintentional gaffs 
may leave a manufacturer with egg all 
over its corporate face — one of the 
latest recipients being Phillips. 

Yes. the boys that gave us CD 
have made a slight error in the 
production of anew budget machine 
known fondly as the CD582. 


Differences 

This £200 unit is supposed to 
represent a slimmed-down version of 
their new £250 CD782, foregoing the 
luxury of a comprehensive remote 
handset and digital volume control. 
However, upon auditioning an early 
sample of the CD582 | considered its 
subjective performance to be well 
below par, the treble was coarse and 
splashy while all warmth and richness 
was lost at lower frequencies. 

Ripping the lid off I found a rather 
archaic chipset based around the 
SAA7220P/A 4x oversampling filter 
and TDA1541/R1 16-bit digital to 
analogue convertor. This seemed 
rather peculiar, particularly in the light 
of the fact that Toshiba's new £200 
player (a Philips’ OEM) was 
employing superior SAA722OP/B 
and TDA1541A/N2 chips. 

Dutifully, Philips supplied another 
‘identical! CD582 which was man- 
ufactured some 13 weeks after the first 
at the same Hasselt factory. 

The new serial number gave no 
indication that a modification had 
taken place but — lo and behold — 
this CD582 benefitted from the same 
chipset as the equivalently priced 
Toshiba CD player! 


Better Sound 
Furthermore this second CD582 
sounded a whole lot better with a 
reduction in coarseness at high fre- 
quencies and a general improvement 
in the integration of all kinds of music. 
Instead of projecting a series of 
isolated instruments, the second 
player afforded a detailed though 
pleasantly meshed soundstage. 
Philips remained unimpressed at 
this revelation and stated that 
‘equivalent chips are sometimes sub- 
stituted on the shop floor if stocks of 
particular ICs are running low. 


There should be no appreciable 
difference in sound quality as a result, 
it's claimed. 

Fair enough. so why does Philips 
produce several grades of the over- 
sampling filter and DAC to cater for 
the budget and esoteric ends of the 
CD player market if they contribute so 
little to the fina] sonic performance? 

I never did get a satisfactory 
answer to that question. 

Philips itself is keen to expound 
the virtues of these different ICs. For 
example, though all the SAA7220 
chips are both NMOS phase-linear 
FIR filters with 15-frame correction. 
the P/B version offers 1dB better 
performance in the passband as a 
result of it employing different ROM 
coefficients. The accumulator offset is 
also greatly reduced in the P’B chip. 
some +0.05% compared to +5% in 
the older P/A version. 

Similarly, the TDA1541A/N2 
enjoys a wider operating temperature 
and lower overall power dissipation 
than the ordinary TDA1541. 
Selections are also made with respect 
to the maximum differential linearity 
error in the A-configuration chips. the 
DLE being <1 LSB in our second 
DAC. 


Measurements 

My own measurements confirmed the 
superiority of the second CD582's 
chipset which, though suffering a 
slightly worse 0.11dB channel 
balance, offered errors of —4.41dB 
and —5.32dB at ~90dB (1kHz). The 
first player was less linear (about 
15.1bits in fact) showing errors of 
—7.41dB (L) and —18.12dB (R) at 
—90dB — equivalent to 176% total 
harmonic distortion! 

Finally. one of Philips technical 
representatives visited me recently 
and was — by his own admission — 
surprised at the sonic differences 
between the two CD582’s. 

lam convinced that Philips were 
not up to dirty tricks in this incidence, 
mainly because they have goofed-up 
somewhere along the line. So, | am 
happy to report that samples in the 
shops will be using the better chipset, 
thus endowing them with a superior 
sound quality. 

Nevertheless, don’t be surprised if 
you read conflicting reviews of this 
machine in the popular hi-fi 


magazines! 
Paul Miller 
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16 Decca, 80 series h . colour monitors, features in- 
clude’ PIL tube, attractive teak style case, 
resolution, only seen on monitors casting 
to connect to a host of com 


ested surplus, sold inl 


times our price. read 
uter or video outputs. Manufacturers 
le or hardly used condition with 90 day 
1000's Sold to date. 

iB - TFL + SYNC input for BBC 
I ite video input with integral audio 
amp & speaker ideal for use with video recorder or TELEBOX ST or 
any other audio visual use 


DECCA 80 COMP 75 1) 
Only £99.00 (E) 


HIGH DEFINITION COLOUR 


BRAND NEW CENTRONIC 14" monitors in attractive 
case featuring hi res Mitsubushi 0.42 dot pitch tube wi 
els, 2BMbzZ banchwidth. Full 90 da 

rder as1004-N2 for TTL + 
1003-N1 for IBM P 
1005-N2 AGE Interface for 


20" & 22" AV Specials 


Superbly made, UK manufacture. PIL tu 
monitors, complete with com 
tle teak style case. Ideal fora 


etc fully CGA equiv 
85 columns, £169.00 


, all solid state colour 
site video and sound iny 
t of applications including Schools, 
ips, Disco's, Clubs etc. Supplied in EXCELLENT little used con- 
dition with 90 day guarantee. 

20° Monitor £165.00 (F 22' Monitor £185.00 (F) 


MONOCHROME 


MOTOROLA M1000-100 5° black 
monitor measuring only cm 11.6h ,12w, 22 
Accepts standard Composite video or Individual 
rates from 12v DC at apprx 
have minor screen marks. but still in ve 
tested with 30 day guarantee & full data 
Fully cased as above, with attractive moulded, desk standing 
and tit case Dim. om 12h, 14.5w.26d 
751-7 5" ultra compact black & white chassis monitor for Suppl 
operation Dim cm 11h.14w.18d, Simple DIY circuit data 
included to convert data and separate sy i 
Input. Ideal portable equipment etc, Supplied 


KGM 324 9' Green Screen, Little used fully cased, mains 
high res monitors with standard ce 
and in excellent condition 

20' Black & White monitors b 
All solid state, fult 
applications. Uni 


ip bas ideal for COTY or com- 

et applical ie 

F a ses ble condition. Full 
sable 

nen Only £29.00 (C} 


composite video input. Fu 
Pur 'e4g.00 


AZTEK, COTRON & NATIO! 
cased monitors, ideal for all types of AV or CCTV 
s have standard composite video inputs with In- 
gral audio amp and speaker. Sold in good, used c: 

tested with 90 day guarantee Ont 


FLOPPY DRIVE SCOOP 
Drives from Only £39.9 


A MASSIVE purchase of standard 5.25" disk drives enables us to 
prime product at all ime super low prices. All units unless 

are rernaved from often B 

ou with a full 120 day guaral 

+12 volts DC, are of standard size and 

interface connector 

e 40 track FH double sided 


the. common standard 34 wa 
ION TM100-24 IBM compat 


TANDON TM101-4 FH 80 track double sided 


JAPANESE Half Height double sided drives by Canoy 


TEAC FDSS-F 20. 


DISK DRIVE ACCESSORIES 


34 Way interface cable and connector single £5.50, Dual £8. 
" er cable £1.75, Ful U 


£19.50 (A) Chassis PSU lor 2x 8 


8" DISK DRIVES 


SUGART 800/801 single sided refurbished 
SUGART 851 double sicled refurbished 
MITSUBISHI M2894-63 Double sided switchable Hard or 
ND NEW £275.00 ( 


¥ £499.00 (F) mai 


(A) 
Bailes MASTER SYSTEMS t 
£39.95 (B) sor controlled V22 tull duplex 1200 baud. This 
Hobdy sift modem employs all the latest type cells. configured in a smart robust 
geting speed of 120 characters per second om ig) 45 4b Kiet Fert able squp nerd 
om19.§x45x 125. le equipmer 
8a is and BRANO NEW £24 9 
ed, all weather. virtually 
ible NICAD stack by 


tor B E) gr 
SPECIAL OFFER Dual 8" drives with 2m e tra slim unit measures only 45 mm high with ALGAD. Unit features 10 x indhidual 


with intagral PSU 


COMPUTER SYSTEMS 
TATUNG PC2000. Big brother of the famous EINSTEIN, the 


GREEN 12 monitor Scull 
PU 


TEAC 5.25" 80 track double sided disk drives. M 
include Dual 8° IBM forma’ 


wh CPR, WORDS 


eas compress Cualty 
eyboard a 

ral SYeronics PLUS 2 
ljany other features 
it disk drive support, S 


and to run software. Su 
and accounts pack- 


) $100 system capable of running ether TURBO or 
standal . Unit features heavy 
PSU, 12 slot $100 backplane, & dual 8 
Two individual Z80 cpu 
mult user software with upto 4 RS2: 
features include battery 
Units in good condition and tested 


£245.00 {f) 
ynamic RAM. £55.00 DIELS A930 FDC 
controller £85.00 (B). IMS A862 CPU & i/o £65.00 (B) 

SAE far full list of other S100 boards and accessories. 


DISPLAY 
“ELECTRONILS- 


F S232 serial interfaces. ont PRESTEL etc EX BT fully tested 
time clock, all IC's socketed etc. TRANSDATA 307A 300 baud acoustic ler 


despatch, nodocumentation with RS232 10 


MAIL ORDER & OFFICES 
Open Mon-Fr 9.30-5.30 
32 Biggin Way, 
per Norwood, 
London SE19 3XF 


THE ‘ALADDINS’ CAVE OF ELECTRONIC & COMPUTER EQUIPMENT 
MONITORS 


PRINTERS 


Thoth purchase brings yeu ingredihy NES oo ragge af printers by suit all applica 
lions Many ather ope of bargains” can be seen al our South Ponder Shep 
HAZELTINE ESPRINT Small desktop 100 int speed with both 
RS232 and CENTRONICS interfaces Full Pin ecoressable gene 
and 6 user selecable type fonts. Up to. 9.5" single fey and tractor 
paper hanelli : Brand New Only £199.00 (E) 
NTRONICS 150 series. A real workhorse for continuous use with 
tractor feed paper, either in the office, home or factory, desk standi 
§ = cps 4 type fonts and choice of interfaces. Supplied BRAND NE’ 
der as 


150-SN up to 9.5" paper handing £185.00 (E 
150-SW up to 14.5 paper handling £225.00 (E, 
£245.00 (E, 


150-GR up to 14.5" paper plus full graphics 
When oraiie pected S238 or CENTRONICS interface 


Ultra Fast 240 cps NEWBURY DATA 


NDR 8840 High Speed Printers 
Only £449 !! 


A special purchase from a now defunct Goverment Dept enables us 
to offer you this amazing British Made, Quality eer at dearance 


prices, SAVING YOU OVER £1500 I! The NDA8840 features high 
speed 240 cps print with ioe fully adjustable paper trac- 
tor, giving exceptional fast paper handling for multi part forms etc. The 


unit features 10 selectable type fonts giving up to 226 printable 
characters on a single line. Many other features include internal 
electronic vertical an rizontal tabs, Self test, 9 needle head. Up to 
15.5" ..15 milion character nbbon cartridge life and standard 
RS232 serial interface. Sold in SUPERB tested condition with 90 da) 


puaentee Only £449.00 (1 
PSON model 512 40 column 3.5" wide paper roll feed, high 
matrix (3 lines per second} printer mechanism for incorporation in 
paint of sale terminals, ticket printers, data loggers é@tc. Unit features bi 
directional printhead and integral rol eed mech with tear bar 
Requires OC volts and simple parallel extemal drive logic Pompe 
with data, RFE and tested Only £49.95 (C) 
EPSON model 542 Same spec as above model, but designed to be 
used as a slip or flatbed printer. Ideal as label, card or ticket printer. 
upplied tully cased in attractive, small, desk top metal housing. Com- 
lete with data. AFE and tested Only £65.00 
leo PHILIPS P2000 Hea’ any 26 C 
Fully DIABLO, QUME, WORDSTAR Compete, Many features in- 
clude full veidth Bialien Upto 15" paper. host of available daisy wheels, 
Hl 


singe sheet paper handling, superb quality print. Supplied c ete 
with user manual & 90 day t eirkoe plus FREE dust cover & dais’ 
wheel BRAND NEW Only £225.00 ( 


Most of the tems in this Advert, plus a whole range of other 
electronic components and goodies can be seen or purchased 
at our 


** South London Shop ** 


Located at 215 Whitehorse Lane, London SE25. The shop is 
on the main 68 bus route and only a few miles from the main 
423 and South Circular roads. Open Monday to Saturday from 
9 to 5.30, parking ts unlimited and browsers are most wel- 
come. Shop callers also save the cost of carriage. 


l lems to mM ‘ DI plications and ss jets. 


Please contact our technical sales staff you 


2/12 microproces: for the TECHNICO! 


es for error free data comms at the stag- 


ving you 75% of your BT phone bil ate 
data connect time I! Add these facts to our 12y 17 Ah Ultra 
away price and you have a superb buy '! indestructable ret 


Remote error diagnostics. SYNC or ASY' 
use, SPEECH or DATA switchi 
mains PSU, 2 wire connection to 


condition data and full 120 day guarantee. 


a Only £1490 


CONCORD V22 1200 baud as new £330.00(E 
CONCORD V22 1200-2400 BIS £399.00 
RIXON Ex BT Modem 27 V22 1200 £225.00 
DATEL 4800 / RACAL MPS 4800 EX BT r 
modem for 4800 Poyetta thy use £295.00 (E) End of line 
DATEL 2412 2780/3780 4 wire modem unit unit to 

EX BT fully tested, £199.00 (E) The NE 
MODEM 20-1 75-1200 BAUD for use with 


Removed from 


Brand New £49.00 (E) ; 
RS232 DATA CABLES 16 ft long 25w Pier to 

25 way Dsocket. Brand New Only £9.95 (A) 
As above but 2 metres long 
BT plug & cable for new type socket £2.95 


ull manual 


etc available 


LONDON SHOP 
1000's of Bargains tor callers 
Open Mon-Sat 9-5.30 
215 Whitehorse Lane 

outh Norwood. London SE25. 


All power supplies operate from 220-240 ¥ AC Many other types from 
3v to 10K Pr os j yPES 
PLESSEY PL 12/2 Fula 

protected. Dim cm 13 iu 
AC-DC Linear PSU our 
lated and short proot 
POWER ONE PHC 24y DC 2 amps Linear PSU fully regulated 


BOSHERT 13088 switch mode sup 
system 


FARNELL G24 5S Compact 24v 5 amp switch mode july enclo: 
ew 


Special Offer 
EXPERIMENTORS PSU 


bi directional daisy wheel “ d 


POWER SUPPLIES 


vin stack Contact sales office for more details 

enclosed 12v DC 2 amp PSU. Regulated and 
x1ix ti New £16.95 (B) 
is of + Sv 5.5a, -5vO0.6a, + 24y Sa. Fully re he 
imom 28x 125x%7 New £49.50 K ) 


; New £19.95 (B) 
Py ideal disk drives or complete 

+Sv 68,4 1225a,-120 5a-5v0.5a Dim om56x 21 x 10.8 
New £29.95 (B} 


BOSHERT 13090 same as above spec but outputs of + Sv Ba, + 24v 
15a, + 12v 0.5a.-12v 05a 

GREENDALE 19AB0E 60 Watt switch mode out 
la, -12v 1a, + 15v 1a.D. 11x 20x55 RF 
CONVER AC130-3001 High grade VDE spec compact 130 wal 
switch mode PSU. Outputs give +5v 15a, -Sv 1a, + 
x 27 x 12 5 Curent list price £190 
FARNELL G6/40A Compact 5v 40 amp switch mode fully enclo 


New £39.95 (B) 
s +hv6a. + lav 
Tested £24.95 (B 


&-12v 6a. Dim 6.5 
Our price New £59.95,00 (C 


New £140.00 (C 
95.00 {(C) 


ONLY 
£16.95 (c 


) 
Made to the highest spec for BT this unit gives several futly 
protected DC outputs most sulted to the Ele 3 Hobbyist. 
+ Sv 2a, ~ &-12v la-+24v 1a and +5v fully floating at 5dma 

Ideal for school labs etc. Quantity discount available 

Fully tested with data RFE= Removed From Equipment 


The AMAZING TELEBOX 


QURLHY EUTOUR TELEVISION 


Brand new high quality, fully cased, 7 channel UHF PAL TY tuner aye 
tem. Unit simply connects fo your TV aerial socket and video monitor 
turning same into a fabulous colour TY. Dont worry 
doesn't have sound, the TELEBOX even has an integral audio amp for 

ving a Speaker 
tem etc. Many at! 
case, Male powered Buit to BS sist 8 Many other uses tor TV 
sound or video etc. Supplied BRAND ew with full 1 year quarantee. 
Carriage code (B) 


if your monitor 


us an auxillary output for Headphones or HI Fi sys- 
r features: LED Status indicator, Smart moulded 


RECHARGEABLE 
BATTERIES 


require more information or assistance. Maintenance free, sealed longife LEAD ACID 0 (B 
SPECIAL PU ASE A300 12v 3 Ah £13.95 (A) 3.5" ETAl slimline 92x92 x 25 £9.95 (B 

i H A300 6v 3.Ah £9.95 (A) 4° Fan Dim 120 x 120 x 38 £9.95 (B 

V22 1290 baud MODEMS] 3006-0-6v1.84h RFE £5.99{(A) Asabove-TESTEDAFE Only £4.95 (C' 
NLY £149 !! NICKEL CADMIUM £10.95 (B 


Pie Originally made 
IR video eompeny. 
this unit contains. 10 high quality GE nicad, 


Quality 12 v4 Ah Re 


integral features such as Auto answer, XL1.5 cells in wooden crate. Supplied to the 

Full LED status indication, AS232 Interface. MOD and made to deliver pions ath high 

NC output currents & withstand long 

integral storage in discharged state. Dim crn 61 x 14x 

line atc. 22 Cost over €: Supp) 

Supplied fully tested, EXCELLENT slightly used complete with instructions 
EX EQUIPMENT NICAD cele, by 


eq al 
but used condition, 'F’ size 7Ah 6 for 
Be 1B) Aco BY eine dat a for es (B)” © CHEETAH Telex machine 


BRAND NEW 85 Mb 
Disk Drives ONLY £399 


uichass erates this bran new 
ered at an all time super low price. 
D2246 8" 80 Mb disk Gnve features and 40 Mb winchester disk drive 
Intertace, Una tigh speed data ansier and 
ice, ra S| ata transter al 
£49.00 (E} access times leave the : 
face standing. Supplied BRAND NEW with 


Dual drive, plug in 135 Mb sub system for I 

AT unt in case with PSU etc 

£4.99 (A) Interface cards for upto 4 dives on IBM 
Brand new at £395.00 


TV SOUND 


TELEBOX ST for monitors with composite video input £29.95 

TELEBOX STL as ST- but fitted with integral speaker £34.95 

TELEBOX RGB for use with analogue RGB monitors £59.95 
Cola a hen used ethcnisin€ RE RG Ge rion M4 HE saitable for FEM-€ |ONE 


Bt tsters nyenitins Dab sheeton reyes. PA) overseas ceparars OVE | 


COOLING FANS 


Keen sourhet pis COOL gad REE DASE with our 
fange a BRAS SEA cooting fins 


AC_ FAN iS) 240 or 110 v 
3' Fan dim 80x et £8.51 
9 


10' round x 3.5" Aotron 10v 
DC FANS 
Papst Miniature OC fans 62x62x25 mm 


Order 812 6-12v or 814 2dv £15.95 (A 
# av DC 12w 120x 120x38 £12.50 (B 
4 24v DC 8w 120 x 120 « 25 £14.50 (B 
BUHLER 12y DC 62 mm £12.95 (A 


Hees oF other fans an Ww ces in sik CALE 
we SecA for amore dena 


SPECIAL INTERES 


Please call for availability or further info. 
RACAL-REDAC real time, colour draltin 
PCB layout system £3950 
DEC VAX11/750 inc 2 Mb Ram OZ, and full 
doc ate. : Brand New £8500 
in HP7580A 8 pen digital At drum ptotter with 

IEEE interface As New £4750 
£995 


iy 


type 


periods of 


led unused & tested 
£95.00 (E 


1.5 kw 115v 60 Hz power source ‘950 
500 watt INVER 24y DC to 240v AC sine 
wave 50 Hz output £275 
SOLDER SYSTEMS tin lead roller tinning 
machine for PCB manufacture £350 
CALLAN DATA SYSTEMS multi user INTEL 
based UNIX system complete with software 
£2750 
WAYNE KERR RA200 Audio. real time fre- 


Uency ni nse analyzer £3000 
FEKTHONIX. 1411/R’ PAL TV test ‘signal 
standard £6900 
TEKTRONIX R140 NTSC TV test signal 
standard 
HP 32714 Correlator system £350 
ae eee ak Microwave speech | data 


link 12 70 mile range-The pair £275.00 
19° Rack cabinets 10's in stock from £15.00 


standard SMD 


old $1506 inter- 


Only £399.00 At 


£1499.00 a] 


All prices for UK Mainiand, UK Customers must ADD 15% VAT to total order value. Minimum order, cash £5, Credit Card £10, Ofhcial account orders from 
Government Depts, Universibes, Schools & Local Authontes weicome — minimum account order value £25. Carriage charges (A) £1 50. (8) £3.50, (C) 
£6.50, (D) £8 50, (E} £10 00. (F}£15. (G} Call. All goods are supplied subject to our standard cond:tons of sale. All quaraniees given on areturn io base basis, 
We reserve the night to change orces & specications without pnar notice. Bulk trade & expart enquiries most welcome 


DISTEL (© The ORIGINAL 
FREE of charge dial up data base 
1000's of items + info ON LINE NOW!! 
300 baud 01 679 18BB, 1200/7501 679 
6183_ 1200 FOX 01 679 8769 


ALL ENQUIRIES 


01679 4414 


FAX 01679 1927 
TELEX 894502 
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